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ABSTRACT
stillbirths, death of a calf within 48 h of parturition, create great economic
losses to the dairy industry.  The objectives of this research project Were tO
determine:  1 ) if there have been changes in the rate Of Stillbirths in United States
Holsteins, 2) the genetic and environmental factors that influence the OCCurrenCe Of
stillbirths, and 3) whether stillbirths are the same trait in PrimaParOuS and
multiparous cows.
chi-squared Automated Interaction Detection algorithm was used to
determine the most significant factors that affect the rate of stillbirths. Parity of the
dam was the most significant factor;  ll.00/a in primaparous and 5.70/o in multiparous
cows.   The second most significant factor Was dyStOCia.  As dystocia increased from
1  (= no assistance) to 3 (= needed assistance), so did the incidence Of Stillbirths, 6.1,
14.3,  and 27.70/o  in primaparous cows; 3.9,12.6, and 26.5O/o  in multiparous cows.
Inadequate maternal preparation for parturition was suggested as the cause of the
continued  increase in stillbirths.
A mixed  logistic regression analysis indentified a SignifCant increasing trend  in
the odds of a stillborn calf from 1985 to 1996; 4.10/o per yr in primaparous cows, and
2.40/o per yr in multiparous cows.
The estimate of heritability for Sire Of the Calf Was 1.1 % using data for
primaparous cows and  1,50/o for data for multiparous cows. Maternal grandsire
heritability estimates were 2.2o/o for primaparous cows', 0.8O/o for multiparous cows.
Despite the low genetic variance for Stillbirths, there Was a large range in PTA.   Sire
evaluation for survival can identify particular sires with low survival among their
progeny.   Herd-year variances were larger for all data sets than sire and maternal
grandsire variances.   Genetic change in the mean PTA for stillbirths was quite
variable from year to year.  There was no evidence of a genetic trend.   St'lllbirth rate
should  be monitored on an annual basis in Holsteins.
CHAPTER ONE:  GENERAL INTRODUCTION
Thesis Organization
The following thesis is organized into five chapters.   Chapter One is a review
of the literature on dystocia, stillbirths, the interrelationship between dystocia and
stillbirths in cattle,   Statistical methods for the analysis of categorical data are
discussed briefly.   Chapter Two describes the analysis to determine the best
combination of variables to predict the rate of stillbirths in Holsteins using Chi-
squared Automated Interaction Detection.   Chapter Three explains the use of logistic
regression for the analysis of the binary response variable, stillbirths, and the role of
fixed effects on stillbirths.   Analysis with a linear sire-maternal grandsire model
examining genetic parameters associated with survival of a calf until 48 h
postparfum is described in Chapter Four.   The final chapter,  Five, includes general
conclusions and discussion of all the research performed.   The research
summarized in Chapters Two, Three and Four will be submitted to the Journal of
Dairy Science for publication, with co-authors listed in each chapter.
Dystocia
Dystocia is a prolonged or difficult parturition that is affected  by the birth
weight of the calf, pelvic opening of the dam, sex of the calf, gestation length,
season of calving, and management.   Dystocia can be considered a trait of the dam
as well as a trait of the calf.   Personnel caring for the animals typically provide a
dystocia score.  The classifications for dystocia, calving ease scores, vary widely
from study to study, making comparisons difficult (Morris,1994).   The European
Economic Community/European Association of Animal Production working group
proposed the following classifications:  1 ) no assistance required, 2) assistance of
one person required (no mechanical aids), 3) assistance of more than one person
required, or mechan'lcal aids, 4) Cesarean section, 5) embryotomy (Philipsson et al.,
1979).   Researchers in the United States have used the following scale since  1978:
1 ) no problem, 2) slight problem, 3) needed assistance, 4) considerable force, 5)
extreme difficulty (Berger,1994).   ln both classification systems the score increases
with the difficulty of the birth.   Scoring of individual births is subjective in  both the
European and American systems.   One example of the limitations of these
classification systems is that in both systems an unattended birth would be scored
as a one, despite the actual difficulty that may be associated with the unobserved
parturition.
The incidence of dystocia varies widely from Study tO Study (Table 1.1 ),
ranging from  1.6 to 830/o of all  births.   The definition of dystocia varies from study to
study and is noted in Table  1.2 for each study.  An example of the variation in
definitions is that of a normal birth which can mean no assistance, especially in
range cattle, to the assistance of one person with or without mechanical aids.   Breed
differences exist for dystocia (Laster et al.,1973;  Philipsson,1976a).
Dystocia is a lowly heritable trait, with sire of the calf heritability estimates
from o.oO7 to 0.18,  maternal estimates of heritability from 0.038 to O.132, and
maternal grandsire (MOS) heritability estimates from 0.004 to 0.ll  (Table  1.3).   Sire,
maternal, and MGS variances are summarized in Table  1.4.   Repeatability of
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Table 1.2 Classification systems for dyStOCia appearing in Published research
articles
Reference                                  Code Classification systems
Bar-Anan et al.,1976
Berger et alu  1992
Djemali et al.,1987
Donald.1963
2            scored normal or difficult
7           scored no assistance, some assistance, major difficulty, Cesarean
section, abnormal presentation
13         scored no problem to extreme difficulty
1             includes malpresentationS and/Or Veterinary assistance
McDermott et al.,1992            14          not listed
McGuirk et aI.,1995                15         scored no assistance, easy assistance, hard assistance
MelJerlng'  1985                         12         ihcaorrdedpuel:soy (ne?e:irn:;noarssa,ss::Snt::;e), normal (easy Pull), difficult
Notteret al.,1978                      6
Philipsson,1976a                       3
Pollakand  Freeman,1976    8
Pollakand Freeman,1976    9
Pollakand  Pelissier,198010
Rice and Wiltbank,1972        4
Ron etal.,1986                           ll
Weller etal.,1988                      2
Wythes et al.,1976                   5
not listed
scored easy, normal, difficult
scored normal, slight problem without assistance, slight problem
with assistance, considerable force required, extreme
difflculty
scored normal, slight problem, extreme difflculty, Cesarean
section
scored normal, slight problem, very difficult
scored no assistance, slight dystocia (simple traction), moderate
dystocia (mechanical fetal extraction), extreme dystocia
(C-section or extreme traction)
scored normal, assisted
scored normal or difficult
includes any prolonged calving or any calving that required
assistance
code = number linking references reported in Table  1.1
Table 1.3 Heritability estimates of dystocia reported in literature
Heritability
Researcher                                  Model typel                    parity Sire             Maternal          MGS
Pollakand  Freeman,1976       Leastsquares
Bar-Anan et alH  1976
Thompson et al.,1981a
Marfinez et al.,1983c
Cue and Hayes,1985
McGuirk et al.,1995
Meijering,1985
Weller et al..1988
Groen et al.,1995
Two-way  AINON A
Multitrait
Multitrait
Multitrait  REML
Sire threshold (REG)
Sire (REMLPK)
BLUP sire
Threshold
Linear
Threshold
Linear
Threshold
Linear
Sire-maternal grandsire
(VCE program)
1                     0.18
2                0.08
3                0.05
1                  0.042
2                 O.007
1                   0.08
2                0.04
All                  0.041
1                 0.039                 0.038
2                   0.011                     0.10
All                   0.12
All                 0.05
All                 0.093
rr&&==NNO?c` 0.139
0.063
0.042
0.008
0.091
0.023
0.175                  0.132
0.149                 0.087
0.ll
0.ll
0.ll
0.018
0.008
0.098
0.031
0.022
0.004
0.054
0.015
1 ANOVA = analysis of variance,  REML = restricted maximum likelihood,  REG = least squares
assuming threshold model,  REMLPK = restricted maximum likelihood analysis for a sire model,
BLUP = best linear unbiased predictor, VCE = variance/covariance component estimation
2 Black and white
3 Red and white
Table 1.4 Variance estimates of dystocia reported in literature
Variance
Researcher                               Model typel                    parity Sire              Maternal       MGS
Thompson etal.,1981a        Multitrait
Martinez et al,,1983c             Multitrait
Cue and  Hayes,1985            Multitrait REML
Weller et al.,1988                    Threshold
Linear
Threshold
Linear
Threshold
Linear
Groen et al.,1995                   Sire-maternal grandsire
(VCE program)
1                   0.0112
2              0.006
All           6962
1                2.523
2             0.24879
1                0.04063
1                   0.01813
2+             0.01213
2+           0.00223
==1LO<<NN o.o2613
o.oo653
0.016
0.015
o.o2873
o.oo883
o.oo613
o.oo113
o.o1543
o.oo433
0.006
0.006
0.0080
0.0021
2.51455
0.27598
1 ANOVA = analysis of variance,  REML = restricted maximum likelihood,  REG = least squares
assuming threshold model,  REMLPK = restricted maximum likelihood analysis for a sire model,
BLUP = best linear unbiased predictor, VCE = variance/covariance component estimation
2x105
3 as a fraction of residual variance
4 Black and white
5 Red and white
dystocia from first to second parity was 0.16.   For consecutive calvings from second
parity and greater the repeatability was 0.10 (Thompson and Rege,1984).
Factors associated with dystocia are extensive.   lSSueS that Will be covered  in
this section  include birth weight of the calf, pelvic opening Of the dam, Sex Of the Calf,
gestation length, season of calving, and management effects.   Other factors that
have been found to influence dystocia are documented  by Meijering (1984).
Birth weight of a calf is associated with difficulties in the expulsion of the calf.
Birth weight is the single most Significant PrediCtOr Of dyStOCia (Rice and Wiltbank,
1972; McDermott et aI.,1992).   Calves that needed assistance have a higher mean
birth weight than calves not needing assistance (Laster et al.,1973; Laster and
Gregory,1973;  Notter et al.,1978;  McGuirk et al.,1995; Colburn et al.,1997).   Birth
weights could  be used to help predict dystocia (Philipsson et al.,1979).   Sires used
to inseminate primaparous cows should be selected for moderate birth weights of
their progeny (Kasari,1989).
The ratio of dam pelvic area to calf birth weight influences the rate Of dyStOCia
(Ga'lnes et al.,1993).   Primaparous cows with small pelvic openings and an
unfavorable ratio of pelvic area to birth weight experience more calving difficulty
(Philipsson,1976c).
Calving performance can be related to the area of the pelvic opening,
however less than  10O/o of calving score variation could  be explained by pelvic size
(philipsson,1976c).   Pelvic area measured prior to calving did  not have a correlation
with dystocia (Laster,  1974) due to dilation of the pelvis during the last month of
gestation (Gaines et al.,1993).
Male calves tend to be larger than female calves (Pollak and Freeman,  1976)
and have a higher incidence of dystocia (Laster and Gregory,1973;  Philipsson,
1976b; Cue and  Hayes,1985; Morris,1994).   The difference in dystocia rates for
male and female calves was closely associated with birth weight differences
(McDermott et al.,1992).   Male calves experienced 280/o more dystocia than females
in 2-yr old dams, and  160/o more dystocia in 3-yr old dams (Notter et al.,1978).   The
incidence of dystocia in males was found to be twice that of females (Dennis,  1981 ).
The odds of an unassisted birth were 2.43 times greater in females than males
(Berger et al.,1992).
Calves experiencing dystocic births tend to have an increased gestation
length  (McGuirk et al.,1995).   Marfinez et aI.  (1983c) found a 0.8 d longer gestation
length  in calves that experienced dystocia at birth.   The longer gestation length was
associated with a heavier calf.
The season of calving affects dystocia.   Lower rates of dystocia have been
reported  in summer calvings (Israel, Bar-Anan et al.,1976;  Israel, Weller et al.,
1988), especially June (Israel, Weller et al.,1988).   Highest rates of dystocia have
been reported  in spring calvings (Ontario, McDermott et al.,1992), and winter
months (Israel,  Bar-Anan et al.,1976) including  February and  March (Israel, Weller
et al.I  1988).
Management can greatly influence the rate of dystocia.   Improvement of
management practices could lead to a decrease in the rate of dystocia for a herd.
The dystocia rate in a herd one year is correlated with the following year'S dyStOCia
rate (McDermott et al.,1992).  As herd size increased so does the frequency of
10
dystocia (Bar-Anan et al.,1976;  Dennis,1981).   Nutrition supplements in  herd
rations can be adjusted to help reduce dystocia (Morris,  1994) and thereby ensure
that dams have the proper levels of nutrients for sustaining pregnancy.  Another
method to reduce dystocia is by mating primaparous cows to sires with a proven
calving ease (Bar-Anan et al.,1976).
The assistance provided to a dam during parturition varies according to
individual herd management.   Kasari (1989) suggests that primaparous cows need
to be watched and offered early assistance, if dystocia is apparent, to decrease
damage to the dam and calf.   Stress of a long labor rather than assistance, was
responsible for the detrimental effects of dystocia (Hammer,1998).   How and when
assistance is offered can affect some breeds more than others.   ln Holsteins, the
type of assistance offered affected physiological adaptations of the newborn calf
(Hammer,1998).   One of the dangers of providing assistance during parturition is
premature rupture of the umbilical vessels (Hammer,1998).   ln Jerseys, premature
rupture of the umbilical cord  resulted in lower arterial  blood Po2 during the first 56 d
of life and  higher arterial blood  Pco2 during the first 7 d of life (Hammer,1998).
Impaired lung function of the calf was observed in Jerseys with a premature rupture
of the umbilical cord.   Premature rupturing of the umbilical cord  resulted in a lower
hemoglobin and packed cell volume than assisted calves that did not have
premature rupture of the umbilical cord (Hammer,1998).
The effects of dystocia are diverse and economically important.   Dystocia was
the number one causal factor of neonatal weakness in beef herds (Kasari,  1989).
Assistance of any kind decreased milk and protein yields in primaparous cows
ll
(Dematawewa and Berger,  1997). Dams experiencing difficult births had more days
open than those without calving difficulties.  These dams also exper'lenCed
decreased  milk and fat production following difficult births (Djemali et al.,  1987).
The total cost of dyStOCia in Holsteins was $28.53 for primaparous cows,
$10.00 for multiparouS COWS   (Dematawewa and Berger,1997).   The economic
costs of dystocia were estimated by Dekkers (1994) to be $43.ll  and $20.25 per
phenotypic standard deviation of marginal returns in primaparous and multiparous
cows, respectively, using an opt-lmal breeding strategy for direct and maternal
calving ease.
Stillbirths
A stillbirth  is defined  aS a Calf that dies just prior tO, during, Or soon after
parturition.   The time period after parturition COnSidered for Stillbirths varies from 24 h
to 48 h (Philipsson et al.,1979),   ln most studies Caesarian sections are not
considered a stillbirth, however philipsson (1976a) suggested they should be
counted as stillbirths.
The 24 to 48 h timeframe is used because Of the number Of Calf deaths that
occur during that time.   calf deaths within the first 24 h postpartum accounted for
57.40/o of deaths up to weaning, by day two 65.7O/o of calf deaths up to weaning have
been accounted for (patterson et al.,1987).   Stillbirths and deaths within the first 24
h postpartum accounted for up to 620/a of all calf losses (Dennis,1981 ).   Calf
mortality that occurred during the first 24 h postparfum accounted for 52o/o of calf
deaths until weaning in Brahman sired calves, 26O/o in  Hereford and Angus, 27O/o in
Holsteins, OO/o in  Devon (Notter et aI.,1978).   The majority of beef cattle deaths up tO
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weaning were within the first 2 wk, 2/3 were within the first 24 h (Morris,  1994).  ln
beef cattle in the united States the mortality rate during the first 28 d postparfum
was second  most influential factor affecting the annual net calf crop in the United
states (Kasari,  1989). Eighty percent of calves born dead did not have inflated lungs
(Laster and Gregory,1973).   Uninflated lungs indicate that the calf never took a
breath and died prior to or before the completion of parturition.
Economic considerations Of Calf lOSSeS for beef Cattle include loss Of POtential
value of the calf, treatment expenses and maintenance of cow during gestation
(wittum et al.,1993).   Dams of stillborn calves were 6 times more likely to be culled
than dams of liveborn calves (McDermott et al.,1992).   ln a dairy setting other
considerations may include decreased genetic progress, decreased voluntary culling
due to the loss of calves and dams, cost of reduced production and other metabolic
disorders.   The total cost of stillbirths to the US dairy industry is $132 m|lllion per year
(Thompson et al.,1981b).   The value of a male Holstein at birth was estimated to be
$70, a female is $150 (Dematawewa and Berger,1997).   Martin and Wiggins (1973)
estimated that a 20O/a calf mortality rate results in a 38O/o reduction in net profit for
dairy cattle.   A lower conception rate was found in multiParOuS COWS that have lost a
calf (patterson et al.,1987).   This trend holds whether dystocia is involved or not.
Both genetic and non-genetic factors influence the frequency Of Stillbirths.
The genetic factors can be Separated into direct effects that result from the genetic
composition of the calf and maternal effects that result from the genetic composition
of the dam.   Maternal grandsires are also analyzed with the genetic composition Of
the maternal grandsire as the sire of the dam and the direct genetic effects of the
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dam.   stillbirths are lowly heritable for direct, maternal and MGS effects.   Estimates
of sire heritability of stillbirth range from o,oo3 to 0.12, estimates of maternal
heritability range from o.oo2 to 0,018, and MGS heritability estimates range from
o.oo2 to 0.084 (Table  1.5).   ln general, estimates Of direct heritability for Stillbirths iS
greater than the heritability of maternal effects, however this is not consistent.   Sire
variance estimates are also low (Table  1.6).   Despite the low heritability, Marfinez et
al.  (1983b) reported large differences among Sires in the mortality Of their Calves.
part of the wide range in sire variance and heritability estimates was due to
differences in breeds of sire (ph'llipsson,1976a).   Repeatability for calf mortality for
consecutive calvings was o.o2 (Thompson and Rege,1984).  There are many other
non-genetic factors that influence stillbirths including birth weight of the calf, sex of
the calf, gestation length, season of calving, and management.
Table 1.5 Heritability estimates Of Stillbirth in literature
Heritability
Researcher Model type1 Sire             Maternal          MGS
0.012
0.002
0.005           0.004
0.006           0.005
0.018
0.002
0.084
0.027
1                  0.036
2                 0.013
1                  0.004
2               0.006
All                0.09
1                   0,013
2                 0.001
All                 0.003
1                   0.071
1                   0.031
All                  0.12
All                0,02
Bar-Anan et al.,1976
Martinez et al.,1983a
Martinez et al.,1983c
cue and Hayes,1985
Meijering,1985
Weller et al.,  1988
McGuirk et al,1995
Two-way  AINON A.
Multitrait
Multitrait
Multitrait  REML
BLUP sire
Threshold
Linear
Sire threshold (REG)
Sire (REMLPK)
1 ANOVA = analysis of Variance,  REML = restricted maximum likelihood,  BLUP = best linear
unbiased predictor,  REG = least squares assuming threshold model, REMLPK = restricted
maximum likelihood analysis for a sire model
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Table 1.6 Variance of stillbirth in literature
Researcher Model type1
cue and  Hayes,1985            Multitrait REML
Martinez et al.,1983c             Multitrait
weller et al.,1988                   Threshold
Linear
Variance
Sire              Maternal       MGS
1               0.00020            0.00029
2               0.00001
All              132
1                0.02023
1                0.00883
O.00OO2
o.o2413
o.oo763
1  REML = restricted  maximum likelihood
2x105
3 as a fraction of residual variance
Birth weight Can  be Very important for the Survival Of a Calf (Philipsson,
1976a).   Relatively small  (Notter et al.,1978;  Martinez et al.,1983c) and  relatively
large calves (Notter et al.,1978; McDermott et al.,1992) tend to have a higher
incidence of stillbirths than calves of average birth weight (Donald,1963;  Dennis,
1981 ;  Berger et al.,1992).   Larger variation in birth Weight Was Observed  in Stillborn
calves than those born alive (woodward and Clark,1959).   ln primaparous cows,
survival of a calf to 24 h was primarily affected by birth Weight (Berger et al.,1992).
The sex of the Calf influences Stillbirth rate.   Male calves had a higher risk of
being stillborn than females (woodward and Clark,1959; Laster and Gregory,1973;
Marfinez et al.,1983a; Marfinez et al.,1983b;  Marfinez et al.,1983c',  Patterson et aI.,
1987; McDermott et al.,1992), although this was not consistent across Studies.
Auran (1972) reported that the Stillbirth frequency Was 2OO/o higher when a female
calf was born compared to a male calf.  The relative odds Of Survival tO 24 h were
1.47 times greater for females than males (Berger et al..1992).
Gestation length Was 1.2 d shorter for stillborn Calves (Marfinez et al.,1983b',
Martinez et al.,1983c).   Others have reported  nO Significant differences 'ln gestation
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length  between live and stillborn calves (Woodward and Clark,1959;  Dufty,1972).
philipsson  (1976a) suggests that gestation length is a vital component Of any
stillbirth study.   Gestation length, however, Should be restricted tO include Only
normal gestation periods.  A range of ± 3 standard deviations from the mean, about
265 to 295 d has been proposed (Philipsson et aI.,1979).  The number of days
included in this range will vary from breed to breed.   Martinez et al. (1983b) found
that the exclusion of gestation length from the analysis can decrease heritability
estimates of stillbirth  by 26O/o.
The season of birth influences the Chances for Survival. Stillbirth rates vary
from high to low depending on the location and climate of the region.   February
(Israel, weller et al.,1988), June, and July (Norway, Auran,1972), midsummer and
midwinter (united states, Martin et al.,1975), winter (Israel, Bar-Anan et al.,1976)
have been reported as the peak times for stillborn calves. Whereas, summer (Israel,
Bar-Anan et al.,1976-, Sweden,  Philipsson,1976a), May (Israel, Weller et aI.,1988),
october (Norway, Auran,1972), and March through October (U. S., Martinez et al.,
1983b) have been reported aS Seasons for the lowest frequency Of Stillborn Calves.
other studies have found no seasonal effects in calves despite the clear
temperature differences between summer and winter (England and Wales, Lovell
and  Hill,1940;  Illinois, Laster and Gregory,1973).
winter calvings could affect a newborn calf because Of the Calf'S low level of
insulation and  being covered with amniotic fluid.   Summer calvings could affect a
newborn calf because of the calf's ability to produce more sweat than adult COWS
leading to dehydration (Martin et al.,  1975). The majority of variation in calf mortality
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rates (60 to 70O/o), however, is not accounted for by using weather statistics (Martin
et al.,1975).
Early calfhood management Of the Calf needs tO receive more emphasis from
birth of the calf through the first month of life to reduce calf mortality (Jenny et al.,
1981 ).   Improved  management WOuld decrease Calf mortality (Patterson et al.,
1987), especially by decreasing undue Stress tO the dam just Prior tO and during
parturition  (Dufty,1972).
The size of a herd can be associated With more Stillborn calves. As herd size
increased so did the number of unsupervised calvings and the number of stillbirths
(Hartman et al.,1974', James et al.,1984; Waltner-Toews et al.,1986; Berglund,
1996).   Other researchers have found nO correlation  between herd Size and Stillbirth
rate (Lovell and  Hill,1940).   Perinatal  mortality between birth and  1  wk postpartum
was higher in small herds than in large herds (Bar-Anan et al.,1976).   Housing
utilized  by a dairy farm did not appear to influence the mortality rate in most herds
(Jenny et al.,1981 ; James et al.,1984).
correlations between the rolling herd average production for fat and calf
mortality have been reported.  As the rolling herd average for fat increased the
number of calf losses decreased (Jenny et al.,1981 ).   ln another study, rolling herd
average milk and fat production were both negatively correlated with calf mortality
(James et al.,1984),
supplemental feeding of the prepartum primaparous cow and the newborn
calf can help to increase the odds Of a Calf Surviving.   Providing primaparous cows
with a nutrition program that emphasizes rapid growth can help to reduce the
17
incidence of stillbirths (see Lohuis et al.,1993 for a recent review).   Feeding
co]ostrum during the first 12 h of life decreased calf mortality within the first week of
life (Jenny et al.,1981 ; Waltner-Toews et al.,1986).
Trends in Stillbirths
lt is difficult to identify trends in stillbirths due to the various definitions of
stillbirths and variety of breeds that have been studied.   Table 1.7 provides a
chronological summary of published estimates for the incidence Of Stillbirths and
emphasizes the large differences that exist between breeds.  Table 1.8 explains the
definitions of stillbirth utilized by researchers.   Sweden has reported an increase in
stillbirth  rate, defined as the death of a calf before, during, or within 24 h of
parturition,  coincident with the importation of US  Holstein semen (Berglund,  1996).
Records of stillbirth rates in Holstein are not routinely kept and published in the
united states, therefore no information  is available in the literature regarding trends
in the United States.
lnterrelationship between Dystocia and Stillbirth
Dystocia and stillbirth are both  basic fundamental biological phenomenon.
For both, the complete cause and effect relationship iS not completely understood,
nor is it clear how one influences the other.   The relative risk of dystocia may be
greater than the risk of a stillbirth.  Yet, stillbirths cannot be ignored.   Just how much
emphasis to give stillbirth in selection of sires is an important question.   But, also the
factors responsible for stillbirths must be determined.
The question of whether stillbirths and dyStOCia are two Separate traits iS
complex and can be approached in many different ways.  The primary way to
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Table 1.8 Definitions for Stillb-Irth appearing l[n Published research artllCleS
Reference Definition
h of parturitionAuran,1972
Bar-Anan et al.,1976
Berger et al.,1992
Donald,1963
Harfman et al.,1974
James et al.,1984
Jenny et al.,1981
Lovell  and  Hill,1940
Martinez et al.,1983b
McDermott et al.,1992
McGuirk et al.,1995
Meijering,1985
patterson et al.,  1987
Philipsson,1976a
CDq-®
i1
born dead or within 24
born dead
aborted or died within 24 h
dead at prior to, during or occurring a few hours after parturition or
following any attended calving
10         born dead Or abnormal
4         born dead
lO         born dead or abnormal
1          born dead or died Shortly after birth
12          born dead Or Within 48 h of parturition
9         born dead or Within 24 h of parturition
14          (numberofprimaParOuS COWS Calves dead)/(numberOf
primaparous calves born alive)
13          dead within 24 h of parturition
5         born dead or within 3 days
6         dead within 24 h of parturition including C-sections
pollakand  pelissier,198012
Rice and Wiltbank,1972          7
Ron etal.,1986                           12
waltner-Toews et al.,1986   14
weller et al.,1988                      15
woodward and Clark,1959    2
Wythes et al.,1976
born dead or within 48 h or parturition
alive but weak at birth, dead at birth, alive at birth but dead
within 24 h
born dead or within 48 h of parturition
(number of primaparous cows calves dead)/(number of
primaparous calves born alive)
dead within 48 h of parturition
no evidence of movement by the calf after birth
born dead due to prolong parturition
1 code = number linking references reported in Table 1.7.
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examine this question is to split stillbirths into those associated with calving difficulty
and those associated with normal deliveries (Meijering,1984).
parturition can be related to a large proportion of calf mortality (Philipsson,
1976a) with dystocia aS a major Cause Of early Calf mortality (Laster et al.,  1973)
through the first 96 h  postpartum (Patterson et al.,1987).   As the level of difficulty
increased, the survival rate of calves decreased (Notter et al.,1978; Martinez et al.,
1983c; Waltner-Toews et al.,1986;  McGuirk et al.,1995, McDermott,1992).
The most common causes Of Calf mortality in beef cattle included dystocia
(17.50/o),  stillbirth  (12.4O/o),  hypothermia (12.2o/a), diarrhea (ll.50/o) and respiratory
infections (7.6O/o).  These five causes together accounted for more than 600/o of all
calf losses (Wittum et aI.,1993).
calf death due to dystocia was the number one reason for perinatal mortality
(Morris,1994).   Dystocia was the cause of death in 370/o (Woodward and Clark,
1959), 43.80/o (Berglund,1996), and 45.90/o (Patterson et al.,1987) of stillborn
calves.   The amount of difficulty at Calving and the time required tO remove the Calf
accounted for over 950/o of total calf mortality (Laster and Gregory, 1973).
calves from multiparous cows that required easy or hard assistance during
the birth were 3 or 17 times more likely to be stillborn  (McDermott et al.,1992).   ln
primaparous calvings with a hard assist, calves were 6 time more likely to be
stillborn (McDermott et al.,1992).   Calf losses were 4 times higher in births with
dystocia than births without assistance (Laster and Gregory,1973).   Excluding
calves dead at birth, the chances of a calf dying from a difficult birth were 5 times
greater than calves from an easy birth (Azzam et al.,1993).
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Early calf mortality in primaParOuS COWS Was  1.70/o (Notter et aI.,1978) to 40/a
(Martinez et al.,1983c) for calvings with no difficulty and  increased to  ll.10/o with
difficulty (Notter et al.,1978), and to 600/o for extremely difficult calvings (Marfinez et
al.,1983c).   In  multiparous cows, early calf mortality was  1.30/o for calving with  no
difficulty and  increased to  10.20/a for those calving with difficulty (Notter et al.,1978).
of calves that died at birth, 600/o required assistance, while 22O/o of calves that died
within 48 h of birth required assistance (Thompson and  Rege,  1984).
To reduce the occurrence Of Stillbirths, PrimaParOuS COWS may be bred tO
sires selected for the correlated trait dystocia (Lohuis et al.,1993).   Improvement in
calving ease should  result in improvements in calf mortality (Cue and Hayes,1985;
Meijering,1985).  The improvement in calving ease has been estimated tO make a
stillborn calf 3 times less likely (McDermott et al.,1992).   A 41 O/o greater response in
calf mortality can be achieved by selecting on the correlated trait dystocia (Marfinez
et al.,1983c).
A significant proportion of Stillborn Calves are born Without any type Of
difficulty (McDermott et al.,1992) and this proportion  is increasing  (Berglund,1996).
Approximately 50O/a of all stillborn calves were born in Sweden without any difficulty
(philipsson,1996).   Berger et aI. (1992) found that mortality was highest among
unassisted calvings.   The relationship of dystocia and stillbirths varies (Thompson
and Rege,1984).  A calf that is dead when it is born may be an indication that the
death of the calf led to an  increased difficulty in the birth.   A calf that was born alive
and dies within 48 h of parturition more than likely died aS a result Of the dyStOCia Of
the birth.
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Genetic correlations between dystocia and Stillbirths have been estimated tO
be positive or negative (Table 1.9) with an average value of about 0.7 (Weller et al.,
1988), assumed in many studies.  The high correlation suggests a high response in
stillbirths, if selection is made for dystocia, however other mechanisms besides
dystocia influence the survival of a calf (Philipsson,1976a).
Table 1.9 Associations between dystocia and Stillbirths
Researcher                            Model type                            Parity                           Direct                      Maternal
Genetic correlation
Bar-Anan et al.,1976      Two-way ANOVA
Martinez et al.,1983c      Multitrait
Meijering,1985                   BLUP sire
Cue and  Hayes,1985     Multitrait REML
Ron et al.,1986                 Sire
Maternal grandsire
McGuirketal.,1995        Sirethreshold
1
2
All
All
1
2
1
>1
1
>1
All
Phenotypic correlation
cue and  Hayes,1985     Multitrait REML                               1
2
Sire covariance
Cue and  Hayes,1985     Multitrait REML                               1
2
1 .755
-0.82
-0.81
0.96
0.83
0.98
0.64
0.52
-0.32
-0.22
-0.81
-0.49
-0.32
-0.22
-0.0184                      -0.022377
-0.00126                    -0.0010614
ln Sweden, the genetic correlation between dyStOCia and Stillbirths Suggest
that calving performance and stillbirths are related (Berglund,1996).   There the
frequency of stillbirths is increasing, but the incidence of dystocia is remaining
steady (Berglund,1996).   Tables  1.10,1.ll  and  1.12 give the phenotypic
relationship between dystocia and stillbirths that has been observed in three different
studies.   ln each study the number of stillborn calves increased with the difficulty of
the birth, however many calves were stillborn with no assistance.   Philipsson et al.
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Table 1.10 Association between Calf mortal-lty and dystocia (adapted from
Laster and Gregory (1973))
No              Calf-puller       C-section        Posterior
assistance     assistance     assistance   presentation
a/a dead          a/a dead
Cow age,
2
(year) Calf Sex     %dead
Male                    9.4
Female             6.9
Mean1                 8.2
Male                    5.3
Female             2.7
Mean1                 4.0
Male                    3.3
Female             4.5
Mean1                 3.9
Male                    5.3
Female             4.7
Total                   5.0
o/o dead
21.9                     23.5                 40.0
ll.3                    22.2                45.5
16.6                     22.9                 42.8
23.9                    66.7                25.0
29.5                       0.0                30.8
26.7                    33.4                27.9
21.4                           O.0                    16.3
6.5                       0.0                33.3
14.0                        0.0                 24.8
22.2                     24.6                22.5
13.3                     20.6                 35.3
19.2                     23.9                 27.5
1 unweighted means
Table 1.ll Association between Calf mortality and dyStOCia (adapted from
Pol]ak and Pelissier (1980))
Very difficultNormal assistance Slight problem
% dead% dead % dead
4.0                                                  26.0 38.0
2.5                                                     18.5                                                           42.0
2.9                                                     18.0                                                           44.0
Table 1.12 Association between Calf mortality and dyStOCia (adapted from
Martinez et al. (1983c))
a/a Dead for calving difficulty
Parity of dam
_Ncoa:
1                            2                           3                           4                           5                          All
4.06                  10.67                 14.3O                28.87                59.22                 10.47
2.95                   9.73                  15.57                24.76                52.18                 5.48
3.04                 ll.97                18.85               25.43                55.32                 5.67
3.19                  ll.02                 16.40                27.O4                56.55                 6.65
ll  = unassisted, 2 = slight problem, 3 = needed assistance, 4 = considerable force,
5 = extreme difficulty
25
(1979) have compiled tables with the correlation and heritability estimates Of many
different results are summarized in Tables 1.13 and  1.14.   ln general, gestation
length  has a  moderate to high  heritability compared With dyStOCia Or Stillbirths.
primaparous cows have a wider range of estimates for heritability than multiparous
cows.   Estimates of genetic correlations for Stillbirths With dyStOCia, birth Weight and
gestation length are positive.  These estimates provide a good foundation for
establishing the relationship between dystocia and stillbirths.
Table 1.13 Heritability estimates of calving performance traits (adapted from
Philipsson et al. (1979))
Direct effect Maternal effect
Trait                                 Primaparous        Multiparous Primaparous                Multiparous
0.03-0.20                O.00-0.08
0.00-0.05               0.00-0.02
0.50                          0.50
Dystocia
Stillbirth
Gestation length
Pelvic opening
0.03-0.20                       0.00-O.04
0.00-0.05                       0.00-0.01
0.10-0.20                        0.10-0.20
0.20
Table 1.14 Genetic correlations between calving Performance traits (adapted
from philipsson et al. (1979))1
Direct effect
Maternal effect
Dystocia
Stillbirth
Birth weight
Gestation length
Dystocia Stillbirth            Birth weight              Gestation length
0.O-0.4                          0.6-0.8               0.9
0.5-0.7                         0.0-0.4              0.4
0.6-0.7                         0.3                       0.0
0.0                                 0.0                       0.0-0.4
0.3
0.2-0.3
0.4-0.5
0.0
1Genetic correlations for direct effects (above the diagonal), for maternal effects (below the
diagonal), between direct and  maternal  (on the diagonal) in primaparous calvings
conflicting results have been found for the influence of Holstein genes on the
incidence of dystocia and stillbirths.   Berglund (1996) found that as the percentage
of Holstein-Friesian genes increased in the Swedish Red and White breed so did the
stillbirth and dystocia rate.   However,  McGuirk et al. (1995) found that the
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percentage of Holstein genes in other dairy breeds Was Significant for dyStOCia, but
not for stillbirths.
The emergency slaughter Of dams increases aS the difficulty Of the Calving
increases.   Following a difficult birth 3.50/o of dams were slaughtered, while in the
case of a stillborn calf 60/a of dams were slaughtered (Philipsson,1976d).   Cow
deaths increased 40/o for all parities when extreme d'lfficulty was experienced during
calving compared to calvings with no assistance (Dematawewa and Berger,1997).
Dam loss was higher in PrimaParOuS births requiring assistance (22 to 64O/a) than
dam births not requiring assistance (70/o) (Philipsson,1976a).   An increased culling
rate in first lactation was observed when dystocia and stillbirth occurred during
calving  (Philipsson,1976d).
The relationship between dyStOCia and Stillbirths for dam and Calf effects both
need to be determined for primaparous cows, due to the higher frequency of
stillbirths than  in  multiparous cows.  (Philipsson,1976d;  Philipsson et aI.,1979).
Environmental factors that should  be accounted for When examining PrimaParOuS
calvings include sex of the calf, season of calving, age of dam at calving, and region
where the herd  is located (Philipsson et al.,1979).   Herd level variables were more
important in dystocia than stillbirths (McDermott et al.,1992).
The effects of season on dyStOCia and Stillbirths are described individually in
previous sections.   The effect of season is typically seen in both dyStOCia and
stillbirths, however a larger effect was observed for dystocia than stillbirths
(Philipsson,1976b).
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older dams have a decreased incidence of dystocia and calf mortality (Weller
et al.,1988),   Other research has indicated that the age Of dam at Calving Was
significant for dystocia, but not for stillbirths (Philipsson,1976b).
Herd  level factors that influence dystOCia and Stillbirths are associated With
the level of production for the herd and the feeding program.  As herd production
increased so did dystocia and stillbirth frequency (Dennis,1981 ).   A poor nutrition
regime can increase dystocia and stillbirths (Berglund,1996).
The economic effects of stillbirths and dyStOCia together are large.   Calves
that died from dystocia accounted for about 570/o of total veterinary costs and 430/o of
total producer labor costs associated with calf mortality in beef cattle (Wittum et al.,
1993).   The cost of a stillbirth  in  primaParOuS COWS Was twice that Of dyStOCia, With
one-half of that cost attributed to the loss of the calf (Philipsson,  1976d).   Other
veterinary costs can be added, because there is a 2 to 3 times higher frequency of
retained  placenta in dams with difficult births or stillborn calves (Philipsson,1976d).
Differences between Primaparous and Multiparous cows
The genes affecting dystocia are different in  PrimaParOuS and multiParOuS
cows (Ron et al.,1986; Weller et al.,1988).   The major factor associated with
dystocia in primaparous cows was feto-pelvic incompatibility, while for multiparous
cows abnormal presentation was reported (Meijering,1984).
Differences in the causes and genetic COntrOl lead tO more dyStOCia in
primaparous cows than  multiparous cows (Laster and Gregory,1973;  Djemali et al.,
1987; Weller et al.,1988;  Philipsson,1996) with distinctly different means for
dystocia between first and second parity (Pollak and Freeman,1976).   Primaparous
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cows experienced about 2 to 4 times more dyStOCia than multiParOuS COWS (Bar-
Anan et al.,1976; Philipsson,1976a; Thompson et al.,1981a).   The odds of an
unassisted  birth versus a birth with major difficulty were ll.58 times greater in
multiparous cows than primaparous cows (Berger et al.,1992).   Dystocia incidence
in 2-yr old dams Was 36.030/o higher than in 3-yr olds, and 44.620/o higher than in 4
and 5-yr olds (Laster et al.,1973).
Mortality rate, Was about 500/o (Donald,1963; Auran,1972; Bar-Anan et al.,
1976;  Martinez et al.,1983b) higher in primaParOuS than multiParOuS COWS, While no
differences were found in second and later parities (Martinez et al.,  1983c; Berger et
al.,1992).   Friesian, Ayrshire and Jersey crossbred calves from Purebred Hereford
primaparous cows had a lower mortality rate (6.4O/o) than purebred calves (14.70/o),
however the same trend was not significant in multiparous cows (Donald,1963).
Dystocia and perinatal mortality Were more evident in PrimaParOuS COWS
(Berger et al.,1992', McDermott et al.,1992;  Philipsson,1996) and had the greatest
variation in pr|lmaparous cows (philipsson et al.,1979).   Direct effects for dystocia
and calf mortality were larger than maternal effects in primaparous cows, but not in
multiparous cows (Ron et al.,1986).   Calves born from first parity 2-yr old
primaparous cows with dystocia were more likely to die than those from 3 or 4-yr
olds.   This trend was not Observed in Calves not experiencing dyStOCia (Laster and
Gregory,1973)I
Because of the differences between PrimaParOuS and multiParOuS COWS, they
should be analyzed Separately; this may result in different magnitudes Of eSt'lmateS
for many factors (Philipsson,  1976b),
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Statistical Methods
statistical methods used in previous research for the analysis of stillbirth data
vary greatly depending on the data available and computing capabilities.   Following
are different approaches used to analyze data on dystoCia and Stillbirths.
Dystocia and Stillbirths are not normally distributed  (Philipsson,  1976c) and
thus violate the assumption of a normal distribution for response variables when
analyzed  using linear mixed  model  methods (Weller et al.,1988).   Normality,
however, is only required for tests of hypotheses.   Homogeneity of variance is
probably more critical.  with count data there is a relationship between mean and
variance.   stillbirth is typically scored as a zero-one trait, alive or dead, leading to a
binary distribution in which the mean and variance are no longer independent, as in
a normal distribution (Auran,1972).   lf linear models are used, assuming normality,
sire evaluations will  be slightly skewed  (Weller et al.,1988).
one suggested approach is to model the incidence of dystocia by scaling
dystocia scores to their underlying normal distribution (Philipsson et al.,1979).
others have implemented threshold models, however these models are
computationally intensive and require accurate estimates of variance components on
the underlying  normal scale (weller et al.,1988).   Effects from threshold models and
linear models may provide different estimates for genetic trends.   Estimates of
genetic variances from threshold models are typically larger than estimates of
variances using linear models (Weller et al.,1988).
30
References
Auran, T.   1972.   Factors affecting the frequency Of Stillbirths in Norwegian cattle.
Acta Agric.  Scand. 22:  178-182.
Azzam,  S.  M., J.  E.  Kinder,  M.  K.  Nielsen,  L. A. Werfh, K.  E.  Gregory,  L. V.  Cundiff,
and  R.  M.  Koch.   1993.   Environmental effects on neOnatal mortality in beef
calves.   J. Anim.  Sci. 71 : 282-290,
Bar-Anan,  R., M. Soller, and J. C.  Bowman.   1976.   Genetic and environmental
factors affecting the incidence of difficult calving and perinatal calf mortality in
Israeli-Friesian dairy herds.   Anim.  Prod. 22: 299-310.
Berger,  P. J.   1994.   Genetic prediction for calving ease in the United States:  Data,
models,  and  uses by the dairy industry.   J.  Dairy Sci.  77:  1146-1153.
Berger, P. J., A. C. Cubas,  K. J.  Koehler, and M.  H.  Healey.   1992.   Factors affecting
dystocia and early calf mortality in Angus cows and heifers.   J. Anim. Sci. 70:
1775-1786.
Berglund,  B.   1996.   Ongoing research on the causes Of Variation in Calving
performance and stillbirths in Swedish dairy cattle.  Proc.  International
workshop on Genetic Improvement of Functional Traits in Cattle, Gembloux,
Belgium,  lnterbull  Bulletin  No.12.   p78-82.
colburn, D. J., G.  H.  Deutscher, M.  K.  Nielsen, and D. C. Adams.   1997.   Effects of
sire, dam traits, calf traits, and environment on dystocia and subsequent
reproduction of two-year-old heifers.   J. Anim. Sci. 75:  1452-1460.
cue , R.  I., and J. F.  Hayes.   1985.   Correlations between calving ease and calf
survival.   J.  Dairy Sci. 68: 958-962.
31
Dekkers, J.  C.  M.   1994.   Optimal breeding strategies for Calving ease.   J.  Da'lry Sci.
77: 3441-3453.
Dematawewa, C. M.  B., and  P. J. Berger.   1997.   Effects of dystocia on y'leld, fertility,
and cow losses and an economic evaluation of dystocia scores for Holsteins.
J.  Dairy Sci.  80:  754-761.
Dennis,  S.  M.,  Ed.1981.   Low viability of calves at birth.   The Veterinary Annual  No.
21.  Bristol,  Scientechnica.
Djemali,  M., A.  E.  Freeman, and P. J. Berger.   1987.   Reporting ofdystocia scores
and effects of dystocia on production, days open, and days dry from dairy
herd  improvement data.   J.  Dairy Sci. 70: 2127-2131.
Donald,  H.  P.   1963.   Perinatal deaths among Calves in a Crossbred dairy herd.
Anim.  Prod.  5: 87-95.
Dufty, J.  H.   1972.   Maternal causes of dystOCia and  Stillbirth  in an experimental herd
of Hereford cattle.   Australian Vet. J. 48:  1-6.
Gaines, J.  D.,  D.  Peschel,  R. G. Kauffman,  D.  M. Schaefer, G. Badtram, J. Kumi-
Diaka,  M.  K.  Clayton, and G.  Miliken.   1993.   Pelvic growth, calf birth weight
and dystocia in  Holstein x Hereford heifers.   Theriogenology 40: 33-41.
Groen, A.  F., A.  G.  B.  M.  Brandts,  H.  H. Jansen, and  E.  Kanis.   1995.   Economic
value and genetic parameters for Calving Performance in Dutch dairy cattle
breeding.   proc. open session of the lnterbull Annual Meeting, Prague,
czech  Republic,  lnterbull Bulletin  No.ll.   p.1-4.
Hammer, C. J.1998.   Effects of obstetrical assistance in dairy Calves.   Unpublished
M.  S. Thesis.   Dept. Animal Science.   Iowa State University.   Ames.
32
Hartman,  D. A.,  R. W.  Everett,  S. T.  Slack, and  R. G. War.   1974.   Calf mortality.   J.
Dairy Sci,  57:  576-578.
James,  R.  E.,  M.  L.  Mcgillard, and  D. A.  Hartman.   1984.   Calf mortality in Virginia
dairy herd  improvement herds.   J.  Dairy Sci. 67: 908-911.
Jenny, B.  F., G.  E,  Gramling, and T.  M, Glaze.1981.   Management factors
associated with calf mortality in South Carolina dairy herds.   J.  Dairy Sci. 64:
2284-2289.
Kasari, T.  R.   1989.   Weakness in neonatal calves associated With dyStOCia.   Agr'l-
Practice  10:  19-25.
Laster,  D. B.   1974.   Factors affecting pelvic Size and dyStOCia in beef Cattle.   J.
Anim.  Sci 38'. 496-503.
Laster,  D.  B.,  H. A.  Glimp,  L. V.  Cundiff, and K.  E.  Gregory.   1973.   Factors affecting
dystocia and the effects of dystocia on subsequent reproduction in beef cattle.
J. Anim.  Sci.  36:  695-705.
Laster,  D.  B., and  K.  E. Gregory.   1973.   Factors influencing peri-and early POStnatal
calf mortality.   J. Anim.  Sci.  37'.1092-1097.
Lohuis,  M.  M.,  F.  Miglior, J.  C.  M.  Dekkers,  and  E.  B.  Burnside.   1993.   Stillbirths and
dystocia in breeding programs.   Research mimeo.   U. of Guelph, Guelph,
Ontario.
Lovell,  R., and A.  B.  Hill.   1940,   A study of the mortality rates Of Calves in 335 herds
in  England and Wales (together with some limited Observation for Scotland).
J.  Dairy Res.ll : 225-242.
33
Martin, S. W., W. Schwabe, and C.  E.  Franti.   1975.   Dairy calf mortality rate:
influence of meterologic factors on calf mortality in Tulare county, California.
Am.  J. Vet.  Res.  36:  1105-1109.
Martin, W.,  and A.  D. Wiggins.   1973.   Model of the Economic costs of dairy calf
mortality.   Am. J. Vet.  Res. 34:  1027-1031.
Marfinez, M.  L., A.  E.  Freeman, and  P. J. Berger.   1983a.   Age of dam and direct
and  maternal effects on calf livability.   J.  Dairy Sci. 66:1714-1720.
Martinez.  M,  L., A.  E.  Freeman, and  P, J. Berger.   1983b.   Factors affecting calf
livability for Holsteins.   J.  Dairy Sci. 66:2400-2407.
Martinez,  M.  L., A.  E.  Freeman and  P. J.  Berger.   1983c.   Genetic relationship
between calf livability and calving difficulty Of Holsteins.   J.  Dairy Sci. 66:
1494-1502'
McDermott, J. J.,  O.  B. Allen, S, W.  Martin, and  D.  M. Alves.   1992.   Patterns of
stillbirth and dystocia in ontario cow-calf herds.   Can. J. Vet.  Res.  56: 47-55.
McGuirk,  B. J.,  I.  Going, and A.  R,  Gilmour.   1995.   The evaluation of Holstein
Friesian sires for Calving ease in the UK.   Proc. Open Session of the lnterbull
Annual Meeting, Prague, Czech Republic,  lnterbull No.ll.
Meijering, A.1984.   Dystocia and stillbirth in Cattle -a review Of Causes, relations
and  implications.   Livest.  Prod.  Sci.ll:  143-177.
Meijering, A.1985.   Sire evaluation for calving traits by Best Linear Unbiased
prediction and nonlinear methodology.   sonderdruck aus Zetschrift fur
Tierzuchtung  und Zuchtungsbiologie  102: 95-105.
34
Morris,  S. T.   1994.   Avoiding dystocia  in  beef breeding COW herds.   Proc. 24th
Annual Sheep and Beef Cattle Seminar, Sheep and Beef Cattle Society, New
zealand,  New Zealand Veterinary Association  Pub. No.159.  p100-111.
Notter,  D.  R.,  L. V.  Cundiff, G.  M.  Smith,  D.  B.  Laster, and  K.  E.  Gregory.   1978.
characterization of biological types of cattle.  Vl.   Transmitted and  maternal
effects on birth and survival traits in progeny of young cows.   J. Anim. Sci. 46:
892-907.
patterson,  D. J.,  R. A. Bellow,  P. J.  Burgening, and J. B. Carr.   1987.   Occurrence of
neonatal and postnatal mortality in range beef cattle.   I.   Calf loss incidence
from birth to weaning, backward and breech presentations and effects of calf
loss on subsequent pregnancy rate of dams.  Theriogenology 28: 557-569.
philipsson, J.   1976a.   Studies on calving difficulty, stillbirth and associated factors in
swedish cattle breeds.   I.   General introduction and breed averages.  Acta.
Agric.  Scand.  26:  151-164.
philipsson, J.   1976b.   Studies on calving difficulty, stillbirth  and  associated factors in
swedish cattle breeds.   ll.   Effects of non-genetic factors.  Acta Agric. Scand.
26:  165-174.
philipsson, J.   1976c.   Studies on calving difficulty, stillbirth and associated factors in
swedish cattle breeds.   lV. Relationships between calving performance,
precalving body measurements and size Of Pelvic opening in  Friesian heifers.
Acta Agric. Scand. 26: 221-229.
philipsson, J.   1976d.   Studies on calving difficulty, stillbirth and associated factors in
swedish cattle breeds.  V.   Effects of calving performance and stillbirth in
35
Swedish  Friesian heifers on productivity in subsequent lactation.   Acta Agric.
Scand. 26: 230-234.
Philipsson, J.   1996.   Strategies to reduce problems in calving performance and
stillbirths by selection and differential use of bulls.   Proc.  International
Workshop on Genetic Improvement of Functional Traits in Cattle, Gemloux,
Belgium,  Interbull  Bulletin  No.12.   p 65-71,
Philipsson, J., J.  L.  Foulley, J.  Lederer, T.  Liboriussen, and A. Osinga.   1979.   Sire
evaluation standards and breeding strategies for limiting dystocia and
stillbirth.   Report of an  E.E.C./E.A.A.P. working group.   Livest.  Prod.  Sci. 6:
111-127.
Pollak,  E. J., and A.  E,  Freeman.   1975.   Parameter estimation and sire evaluation
for dystocia and calf size in  Holsteins.   J.  Dairy Sci.  59:  1817-1824.
Pollak,  E. J., and C. L.  Pelissier.   1980.   Relationships among problems associated
with calving.   Proc.  Nineteenth Annual  California  Dairy Cattle Day,  University
of California Davis,  Department of Animal Science and Cooperative Extension
plo-15.
Rice,  L.  E., and J.  N. Wiltbank.   1972.   Factors affecting dystocia in beef heifers.   J.
Am. Vet.  Med. Assoc.161 :  1348-1357.
Ron, M.,  R.  Bar-Anan, and J.  I. Weller.   1986.   Sire and maternal grandsire effects
on calving difficulty and calf mortality in  Israeli  Holsteins.   J.  Dairy Sci. 69:
243-247.
Thompson, J.  R., A.  E.  Freeman, and  P. J. Berger.   1981a.   Age of dam and
maternal effects for dystocia in  Holsteins.   J.  Dairy Sci. 64:1603-1609.
36
Thompson,  J.  R., A.  E.  Freeman,  P. J.  Berger, and  M.  L.  Martinez.   1981  b.   A
survey of calf mortality in five dairy breeds.   J.  Dairy Sci 64(Suppl.):  1164
(Abstr.).
Thompson, J.  R., and J.  E. O.  Rege.   1984.   Influences of dam on calving difficulty
and early calf mortality.   J.  Dairy Sci. 67.I 847-853.
Waltner-Toews,  D., S. W.  Martin, and A.  H.  Meek.   1986.   Dairy calf management,
morbidity and  mortality in Ontario Holstein  herds.   lV.   Association of
management with mortality.   Preventive Vet. Med. 4:  159-171.
Weller, J.  I.,  I.  MisztaI, and  D.  Gianola.   1988.   Genetic analysis of dystocia and calf
mortality in  Israeli-Holsteins by threshold and  linear models. J.  Dairy Sci. 71 :
2491-2501.
Wittum, T.  E.,  M.  D,  Salman,  K.  G.  Odde,  R.  G.  Mortimer, and  M.  E.  King.   1993.
Causes and costs of calf mortality in Colorado beef herds participating in the
National Animal  Health  Monitoring System.   J. Am. Vet.  Med. Assoc. 203:
232-236.
Woodward,  R.  R., and  R. T. Clark.   1959.   A study of stillbirths in a herd of range
cattle.   J. Anim.  Sci.18:  85-90.
Wythes, J.  R.,  R. T. Strachan, and M.R.  E.  Durand.   1976.   A survey of dystocia in
beef cattle in southern Queensland.  Australian Vet. J.   52:570-574.
37
CHAPTER TWO. DETECTING INTERACTIONS AMONG
FACTORS AFFECTING STILLBIRTHS IN  HOLSTEIN
CATTLE IN THE UNITED STATES
A paper, a portion of which will be submitted to the Journal of Dairy Scl'ence
C.  L.  Meyer,  P. J.  Berger,  and  K. J.  Koehler
Iowa State University, Ames
Abstract
Each year about 70/o of the Holstein calves born in the United States die
within 48 h of birth.   The exact cause of death is unknown,  The purpose of this
article is to examine the complex interactions among factors (e. g.  parity, season of
birth, dystocia, year, etc.) contributing to stillbirth rates.   A modified Chi-squared
Automated Interaction Detection algorithm was used to develop classification trees
explaining the most likely sequence of factors explaining the outcome of a birth
resulting  in a stillborn calf.   The data were 666,341  births from MidStates Dairy
Records Processing Center and the National Association of Animal Breeders.
Primaparous and multiparous cows are clearly different with respect to the
rate of stillbirths,  ll.OO/o and  5.7% stillbirths,  respectively.  Dystocia (1  = no
assistance, 2 = slight problem, and 3+ = needed assistance) within primaparous and
multiparous cows was the second most significant factor.   Gestation length ranked
third in importance among the factors that affect stillbirth rate in  multiparous cows.
Among multiparous cows needing assistance (dystocia 3+), stillbirth rates were
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highest for shorter gestations less than the average of 280 d, 55.30/a for -15 to -12 d,
45.50/o for-ll  to -9 d, 33.7O/o for-8to -5 d, 23.80/o for-4to  13 d, and 35.4O/o for 14to
15 d.   Inadequate maternal preparation for parturition was indicated by the increase
from 23.80/o stillbirth rate among calves born at or above the mean gestation length
to 55.30/o for those calves born -15 to -12 d below the mean gestation.   stillbirth
rates should  be monitored on an annual basis,  particularly in Holstein cattle.
This analysis suggests that primaparous cows and multiparous cows need to
be analyzed separately.  When examining primaparous or multiparous cows
separately, dystocia was the most influential factor determining whether a calf would
be alive or stillborn.   In primaparous cows, the second  most influential factor was
either year of birth or gestation length, depending on the level of dystocia.  In
multiparous cows, the second most influential factor was gestation length at all
levels of dystocia.   Gestation lengths of+ to  13 d  had similar stillbirth rates of
23.8O/a.   The analysis procedure also defined three intervals below the mean with
significantly different stillbirth rates; -15 to -12 d, -ll  to -9 d, and -8 to -5d.   This
suggests that gestation length did not have a linear, quadratic, or exponential trend
in  relation to stillbirths,
Key words: Chi-squared Automated Interaction Detector, dystocia, Holstein,
stillbirth
Abbreviations: CHAID = Chi-squared Automated Interaction Detector
(CHAID)
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lntroductI'On
Stillbirths are defined as a calf that dies just prior to, during, or within 24 to 48
h of parturition (Philipsson et al.,1979).   The cost of stillbirths to the u. s. dairy
industry has been estimated to be $132 million per year (Thompson et al.,1981 ).
Berglund (1996) reported an increase in stillbirths in Sweden with the importation of
semen from North American bulls.   Dystocia, the difficulty of a birth,  has been
implicated as the major cause of stillbirths, however about 500/o of stillborn calves
were from unassisted  births (Philipsson,1996).   Factors influencing stillbirths are
diverse.   Genetic, environmental, and management factors have varying degrees of
influence on  stillbirths.   Berger et al.  (1992) found  stillbirths to be separate traits in
Angus beef primaparous and multiparous cows.
Often it is difficult to determine what causes a calf to be stillborn.   one or
more factors (e.g. parity, sex of calf, gestation length, etc.) may contribute to a
complex combination of events where the final outcome is a stillborn calf.   A
statistical technique, defined as Chi-squared Automated  Interaction Detection
(CHAID), was used to address the problem of finding the best combination of
interacting variables to effectively predict the outcome of a stillborn calf (Kass,
1980).   The CHAID method was chosen over other methods because it was
computationally possible to analyze a large data set.  The procedure was designed
for categorical data, and  it allows each variable to be divided into multiple subsets.
The results can be incorporated into classification trees for a quick visual
interpretation of interacting variables which predict the outcome of a stillborn calf.
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Therefore, the purpose of this article is to find which variables are the most
significant predictors of stillbirths.
Materials and Methods
Data
Stillbirth data used in this study were from seven Midwestern states (Iowa,
Missouri, South Dakota, Nebraska, Oklahoma, North Dakota and Kansas).   The
data were originally collected by MidStates Dairy Records processing center and
later submitted to the National Association of Animal Breeders as their contribution
to the National Calving Ease Sire Evaluation program from  1983 to 1997.   The
828,543 records represented progeny of Holstein sires owned by North American
artificial  insemination organizations.   Desirable features of these data were the
uniformly consistent reporting of all calvings over an extended period of time.   Farm
personnel observing the births recorded data.   Dystocia was scored on a scale of 1
(= no assistance) to 5 (= extreme assistance), but recoded to three categories,  1  (=
no assistance), 2 (= slight problem), 3+ (= needed assistance) to facilitate
implementation of the CHAID algorithm.   Data were edited to include only herds with
at least 900/o of survival (i.e. alive or stillborn within 48 h) recorded from  1985 to
1996.   Individual birth records were kept if survival was recorded.   Records with
gestation lengths exceeding ± 2 a (where a = 7.5 d) from a mean of 280 d were
excluded.   Only herds and sires with at least 25 total births were included in
analysis.   Following all edits 666,341  birth records were utilized.   other variables
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that were recorded for all births l'ncluded the parity of the dam, the season of the
birth, and the sex of the calf.
To help determine if primaparous cows and  multl®parous cows should  be
analyzed together or separately in future research, the data set was divided into
primaparous cows with  167,472 birth records and multiparous cows with 498,869
birth  records.
Methods
Recent developments in theoretical statistics and computational biology have
resulted in the development of new techniques to study complex interactions among
variables.   Chi-squared Automated  Interaction  Detection (CHAID) (Kass,1980) is a
stepwise algorithm used to determine the most significant predictors of a binary
response variable (e.g. stillbirth,  1  = alive and  0 = dead within 48 h).   This method
only recognizes categorical variables.   Continuous variables are reformatted so
each unit on the observed scale is treated as a separate class (e.g. each day of
gestation length is a separate class).   Variables may be either nominal (e.g. sex and
season) or ordinal (e.g. year, gestation length, dystocia, and  parity).   Due to the
large number of herds and sires, they were computationally prohibitive to include in
the analysis.   This implies that the CHAID analysis was conducted assuming simple
random sampling.
Each variable is examined to determine which adjacent levels of that variable
can be combined based upon a non-significant Chi-square test statistic.  The
algorithm continues combining each variable until there are no further non-
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significant levels.   The recategorized variables are then analyzed using a Bonferonni
adjusted Chi-square test statistic to determine the most significant difference in the
response variable, stillbirths.   The data is then divided  into mutually exclusive and
exhaustive subsets that best predict differences in stillbirths.   The TREEDISC macro
in SAS (1995) was used to apply a modified CHAID algorithm to the data.   The SAS
macro makes adjustments to ensure that the algorithm does not get stuck in an
infinite loop and better adjusts for low p-values than the Bonferonni adjustment.   The
definition of ordinal and  nominal variables can change the combinations within each
variable.   The recategorization of levels within each variable can then influence the
comparisons among variables.   Resulting in a different prioritizing of variables.
This method of analysis provides a quick visual method for examining interactions
among variables.   Arboreal terminology is useful for describing classification trees.
The dependent variable is the trunk.   Branches represent subsets, and are followed
out to the leaves.   Subsets can be traced back through divisions, or nodes, where
branches or leaves split.   Each box on a tree represents a node, or subset of data.
The text in each node describes the subset, see Figure 2.1  for an explanation of
how the information in each box is organized.   The first line is the name and level of
the variable for which a split, into different subsets was performed. The second line is
the number of stillborn and live calves within that subset.   The percentage of
stillborn calves (number of stillborn calves/total number of calves) is in line three.
Variable Name
Number of stillborn calves;  Number of live calves  in node
Percentage stillborn calves (#stillborn/total) in node     >
Best p-value for next split lst  2nd
Figure 2.1  Definition of information given in each node of a classification tree
The last line, four,  is the first and second best p-value for creating the next split in
the data set.   Nodes with further splits are denoted with a bold >   and a bold  lstp-
value.
Results and Discussion
The classification trees presented in Figures 2.2, 2.3 and 2.4 display the first
three levels of branches produced  by the modified CHAID algorithm.   Space
limitations would  not allow all levels to be displayed in each figure; complete details
are given  in Appendix A.
Figure 2.2 Classification of differences between predictors of stillbirth rate
from a combined analysis of primaparous and multiparous cow
data
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Figure 2.3 Classificatl-on of differences between predictors of stillbirth rates
among prjmaparous cows (a) (dystocia 1)
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Figure 2.4 (continued) (b) (dystocia 2)
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CHAID analysis of data for primaparous and multiparous cows together
A classification tree describing the analysis using all the data for both
primaparous cows and multiparous cows is given in Fl'gure 2.2.   Here parity was
shown to be the best predictor of stillbirth rate followed by other variables, which wl'll
be discussed later.   The stillbirth percentages in primaparous cows at ll.00/o and
multiparous cows at 5.70/o are significantly different.   The first split was based on
Parity, indicating that there wass a difference in the stillbirth percentage between the
two parity groups; further analyses were completed separately between
primaparous and multiparous cows.   These results are similar to those reported
earlier for Holsteins in the united states.   In data from  1975 to 1980, Martinez et aI.
(1983b) reported the stjllbirfh rate for primaparous cows to be  10.50/o,  5.50/a in parity
2, and 5.70/o for parity 3.
CHAID analysis of data for primaparous cows
Primaparous cows were further split into subsets based upon the three levels
of dystocia,  indicating that the most influential independent variable for predicting
whether a calf will be stillborn was dystocia (Figure 2.3a,  b, and c).   The incidence of
stillbirths increased with  birth difficulty, 6.10/o at level  1  (= no problem),14.30/o at
level 2 (= slight problem), and 27.7% at level 3+ (= needed assistance).   Further
splits of the subsets varied depending on the level of dystocl'a.
Figure 2.3a is a classification tree for primaparous cows with unassisted
births (dystocia  1 ).   lf a calf was born unassisted, then the subset was split by
season.   The stillbirth rate was higher in summer (6.80/o) than winter (4.70/a).   Winter
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was further split into pairs of years with an increasing rate of stillbirths from  1985 to
1996, with the exception of 1987.   Summer was also divided into subsets by years,
however the combination of years with similar stillbirth percentages was different
than for winter births.   The percentage of stillbirths consistently increased from 5.40/o
in  1985 to 9.70/a in  1996 during the summer months, with the exception of a
decrease in  1991.   Further splits due to the sex of calf, gestation length, and year
are described  in Appendix A.
Among those primaparous cows whose calves were born with a slight
problem,  (dystocia 2) the year of birth was the most significant predictor of stillbirths
(see Figure 2.3b).   The node from  1985 to  1988  had a stillbirth  rate of 12.2O/o.   ln
1989 the stillbirth  rate was  ll.5O/o.   From  1990 to  1995/1996 the stillbirth  rate rose
from  ll.8 to  17.30/o.   The 1991  to  1994 node was split into a winter and a summer
group, with  more stillbirths in the summer (14.90/o versus  13.OO/o  in the winter).
For calves that needed assistance at birth (dystocia 3+) gestation length,
followed  by sex of calf or specific combinations of years resulted in different
predictors of stillbirth rates (see Figure 2.3c).   Gestation lengths from + to 2 d had
the lowest stillbi.rth rate, 25.7O/o, compared with other groups with gestation lengths
farther below or above the mean.   Gestation lengths were unevenly divided with
respect to their influence on the incidence of stillbirths.   Most of the gestation
lengths above the mean, 3 to 15 d above the mean, were grouped together.
Gestation lengths below the mean were split into three groups.
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Calves that needed assistance at birth (dystocia 3+) and gestation length of
-15 to -13 d  below the mean had a stillbirth rate of 41.6o/o (Figure 2.3c). Lower and
higher gestatl'on lengths were split further by sex, while gestation lengths of -9 d
below to 2 d above the mean were split further by year.   Males experienced a higher
stillbirth  rate, as did the years of 1994 to  1996.   Additional splits not shown in  Figure
2.3c are described in Appendix A.
CHAID analysis of data from multiparous cows
ln multiparous cows, as in primaparous cows, the first split was based upon
the three levels of dystocia, with the stillbirth rate increasing as the level of dystocia
increased;  3.90/o,12.6O/o, 26.50/o for dystocia  1  (= no assistance), 2 (= slight
problem), and 3+ (= needed assistance),  respectively (Figures 2.4a,  b, and c).   All
levels of dystocia were then split by gestation length.   AIthough the number of
gestation length categories vary for each level of dystocia, the stillbirth rates were
smaller for categories closer to the mean gestation length.
Unassisted  births (dystocia  1 ) with gestation length from -2 to  15 d had the
lowest stillbirth  rate of all gestation length nodes (Figure 2.4a).   Either sex of the calf
or season of birth split the nodes for gestation length.   ln the nodes containing only
below average gestation lengths, males had a higher stillbirth rate than females.   of
the nodes for gestation length that were split by season, there were more stillbirths
in the summer than winter.   The CHAID algorithm identified further splits.   see
Appendix A for complete details.
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Among those multiparous cows whose calves were born with a slight problem
(dystocia 2), the stillbirth rate was similar for gestation lengths -3 to  15 d  relative to
the mean (Figure 2.4b).   This node was then split by years.   Gestation lengths of -8
to -4 d were placed in one node, then further split by parity.   The shortest gestation
lengths, -15 to -9 d were placed in one node and had the highest stillbirth rate at
25.9O/o.   Again, males had a higher stillbirth rate than females in this group with short
gestation lengths.   Additional splits were performed on all nodes, except for
gestation -8 to -4 d and parity 2 or 3, gestation -3 to 15d   and  1989.   (See Appendix
A for detail).
Multiparous cows needing assistance (dystocia 3+) were split into five nodes
forgestation length: -15to-12d,-ll  to-9d, -8to-5d,-4to  13d,14to 15d (Figure
2.4c).   Gestation lengths ofjust below average to above average (-4 to 13 d) had
the lowest stillbirth  rate (23.80/o), followed by those far above average (14 to  15 d)
(35.40/o).   Highest stillbirth rates (55.3O/o) were observed for gestation lengths of -15
to -12 d.   The two lowest gestation length nodes were further split by sex of the calf,
with  more stillbirths in males than females.   The CHAID algorithm completed further
splits of gestation length -8 to -5 d.   Gestations of -4 to  13 d were further split by
year, with a higher stillbirth  rate in later years.   The longest gestation lengths were
not split any further.   Details about additional splits are given  in Appendix A.
Conclusions
The SAS TREEDISC macro was able to perform a modified CHAID analysis
on all 666,341  records at one time,  plus subsets including primaparous cows and
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multiparous cows alone.   The classification trees created from the CHAID algorithm
provided an easily understandable visual interpretation of which variables should be
examined  in further analysis of this data.
The results of this paper suggest primaparous cows and multiparous cows
need to be analyzed separately.  Within primaparous or multiparous cows, dystocia
was the most influential predictor of whether a calf would be alive or stillborn.   In
primaparous cows, the second most influential factor varied, depending on the level
of dystocia,   Stillbirth rates for easier births have increased during the last seven
years.   For more difficult births (dystocia 3+) time trends were less evident and
gestation length was the second most important factor.   ln multiparous cows, the
second most influential factor was gestation length; however, the categories that
were combined depended on the level of dystocia.   Gestation lengths ofjust below
average to far above average could be grouped together, however lower gestation
lengths need to be split into more groups.   This suggests that gestation length has a
non-linear association with stillbirth.
The CHAID analysis gives a different perspective on the relationship of
gestation length and stillbirth than previously reported  in the literature.   some
believe the calf determines or signals when birth should occur.   During the final few
days of gestation, a dramatic increase in the activity of the fetal hypothalamic-
pituitary-adrenal axis initiates an endocrine cascade that culminates in the process
of parturition  (Thornburn et al.,1977;  Holland and  Odde,1992).   Our analysis
suggest that in some cases the cow is not adequately prepared to give birth when
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the calf signals that it is ready to be born.   Therefore, the higher stillbirth rate among
calves with gestation length below the mean.   Philipsson (1976) claims gestation
length should  be included  in  models used for the analysis of stillbirths.   Martinez
(1983a, and  1983b) found a  1.2 d shorter gestation length in stillborn calves than
calves alive at 48 h.
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CHAPTER THREE. PHENOTYPIC TRENDS IN STILLBIRTH
RATES FOR HOLSTEINS IN THE UNITED STATES
A paper, a portion of which will be submitted to the Journal of Dairy Science
C.  L.  Meyer1,  p. J.  Berger1,  K.  J,  Koehler1, J.  R. Thompson2, and c.  G.  Sattler3,
1 Iowa state university, Ames, 2Genex Cooperative,  lnc.,  Ithaca,  NY, SNationaI
Association of An~Imal Breeders, Columbia, MO.
Abstract
The objectives for this study were to determine:  1 ) if there was a trend in
stillbirths for the  U.S.  Holstein  population, 2) if stillbirths are the same trait in
primaparous and  multiparous cows, and 3) the role of dystocia in stillbirths.   A
sample of 663,543 births from MidStates Dairy Records Processing Center and the
National Association of Animal Breeders were used to examine the influence of sire,
herd, year, season, sex of calf, parity of dam, calving ease, and gestation length on
the survival of the calf.   Parity was scored as an ordered variable (1, 2, 3+).   Calving
ease was scored on a scale of 1 (= no assistance) to 3+(= assistance needed).
An  increasing trend in stillbirths was found in primaparous and multiparous
cows.   The percent of stillborn calves in primaparous cows increased from 9.5% in
1985 to  13.20/o in  1996.   Stillbirths in multiparous cows increased from 5.OO/o to 6.60/o
from  1985 to  1996.   The variability in stillbirths was greater in primaparous cows
than multiparous cows, causing larger year to year fluctuations in primaparous
cows.   Estimates of the odds ratios for dystocia and sex of calf were different in
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primaparous and multiparous cows.   Dystocia was a major determinant of whether a
calf would  be stillborn or alive,  however other factors were also significant
contributors.
Logistic regression models with fixed and random effects were fit to the data
to preserve the binary nature of the stillbirth response.  The expected probability of
stillbirths for an average herd and sire was  10O/o for primaparous cows, 5O/a for
multiparous cows.   The annual value of calves born dead or within 48 h postpartum
was over $9.2 million for MidStates Dairy Records service area alone.
Key words:  Holstein, logistic regression,  phenotypic trends, stil[birfh
Abbreviation key: OR = odds ratio, ASREML = average information
restricted  maximum likelihood
Introduction
Stillbirths are defined as a calf that dies just prior to, during, or within 24 to 48
h of parturition  (Philipsson et al.,1979).   The cost of stillbirths to the U.  S. dairy
industry has been estimated at $132 million per year (Thompson et al.,1981 ).   The
importation of semen from North American bulls into Sweden has been suggested
as a cause of increased stillbirths in Sweden (Berglund,1996).   Dystocia, the
difficulty of a birth, has been implicated as the major cause of stillbirths, however
about 500/o of stillborn calves come from unassisted births (philipsson,  1996).
Factors influencing stillbirths are diverse.   Genetic, environmental, and  management
factors have varying degrees of influence on stillbirths.  The cost of dystocia has
been estimated in several ways.   Dekkers (1994) reported the cost to be $43.ll  and
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$20.25 per phenotypic standard deviation of marginal returns in primaparous and
multiparous cows, respectively.   Dematawewa and Berger (1997) reported the cost
to be $0.00, $50.45, $96.48, $159.82, $379.61  for scores of 1  (= no problem) to 5 (=
extreme difficulty),  respectively.   Stillbirths were found to be different in primaparous
and  multiparous cows in Angus beef cattle (Berger et al.,  1992).
The objective of this research was to determine if there has been an
increasing trend  in stillbirths in the United States Holstein population.   The analysis
used mixed model logistic regression techniques to test hypotheses about the role
of environmental variables thought to influence the incidence of stillbirths.   Those
factors causing relative differences in the incidence of stillbirths in primaparous and
multiparous cows are discussed.
Materials and Methods
Data
Calving performance records were provided by the National Association of
Animal Breeders from its national calving ease data base.   Data were originally
collected by the MidStates Dairy Records processing center as part of their ongoing
participation with the National Calving  Ease Sire Evaluation program.   The data
included herds from seven Midwestern states (Iowa, Missouri, South Dakota,
Nebraska, Oklahoma, North Dakota, and Kansas) in which there was uniformily
consistent reporting since 1985 (i.e. approximately the same number of herds every
year) of the survival of calves, whether a calf was alive or stillborn within 48 h of
parturition.   All progeny were from sires of North American artificial insemination
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organizations.   Farm personnel observing the births recorded all  relevant data.
Dystocia was scored on a scale of 1  (= no assistance) to 5 (= extreme assistance).
To assist with the logistic regression analysis, scores for dystocia were reduced to
three categories:  1  (= no assistance), 2 (= slight problem), 3+ (= needed
assistance).   Data were edited to include herds with at least 900/o of the calf's
survival  recorded  (i.e.1  = alive or 0 = stillborn within 48 h).   Individual  birth  records
were kept if the survival was listed.   Records with gestation length exceeding ± 2 a
(where a = 7.5 d) from a mean of 280 d were excluded.   Only herds and sires with at
least 25 total  births during the entire period were included  in analysis.   Following all
edits, 666,341  birth records from  1985 to  1996 were available.   Other variables that
were recorded for all births included the parity of the dam, the season of birth, and
sex of calf.
Software and memory allocations would not allow all the birth records to be
analyzed together.   To maintain herd effects, complete herds were randomly
assigned to one of seven groups. The seven groups were then divided into a
primaparous and a multiparous cow group. Table 3.1  provides a summary of the
number of records, herds and sires, plus the stillbirth and dystocia percentage in
each of the primaparous and multiparous cow groups. The frequency of calves alive
at 48 h and stillborn for each level of dystocia is given in Table 3.2.
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Table 3.1  Number of records, herd, sires, and incidence of stillbirths (%) and
dystocia (%) in seven random samples of herds
Number of
Group    Statusl      Records              Herds                   Sires Stillbirth  (%)2            Dystocia (a/a)2'3
1                  P
M
2             P
M
3             P
M
4             P
M
5             P
M
6             P
M
7             P
M
25,416                    374                      1,547
73,341                    403                     2,355
23,943                   353                     1,528
70,198                   403                     2,343
34,596                   356                     1,446
73,860                   403                     2,331
24,000                  353                     1,500
72,233                  403                    2,343
23,032                  343                     1,432
71,507
22,516
66,465
23,969
71,265
403                      2,331
356                        1,512
403                    2,363
356                      1,443
403                    2,363
ll.10                            28.33
5.79
ll.39
5.53
10.58
5.52
ll.01
5.56
ll.ll
5.64
10.61
5.70
ll.17
30.00
ll.37
28.24
10.60
27.95
9.86
29.05
9.93
29.25
10.98
ll.17                             28.05
5.90                            10.94
Overall       P            167,472                2,491                       2,361 ll.10                            28.68
M           498,869                2,821                      2,460                                    5.66                           10.73
1  p = primaparous cow and M = multiparous cow
2All percentages are simple percent of total number of observations
3 Dystocia was classified as assistance of any kind (score i 2)
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Table 3.2 Percentage of calves alive and stillborn associated with dystocia in
seven random samples of herds1
Survival                              Alive
Group   Status2   Dystocia       1                            2
Stillborn
1                          2                             3+
1
2
3
4
5
6
7
a-=QL=CL=OL=0_=Q_=1= 67.16                      8.63
85.28                    4.50
65.69                    7.77
85.23                    4.26
67.52                    8.60
85.94                    4.24
67.38                    7.80
86.66                    3.47
66.75                     8.ll
86.60                    3.68
66.64                    8.74
85.50                     4.ll
67.52                    8.30
85.57                    4.29
rco¢COC>O)rrcr)CO-lE-a)O`tI¢rCDCr)NCOCr)OOO®OCYofdLr;dof`±Cr5+`±¢'t+-iloft------- 4.51                    1.32
3.55                0.64
4.31                    1.36
3.39                 0.54
4.24                  1.32
3.46                0.60
4.67                 1.25
3.48                0.54
4.21                      1.61
3.47                 0.57
4.ll                   1.37
3.52                0.60
4.43                 1.46
3.49                 0.61
5.27
1.59
5.72
1.59
5.03
1.46
5.09
1.53
5.29
1.60
5.13
1.58
5.29
1.80
Overall       P                             66.96                    8.28 13.76                     4.36                 1.38                      5.26
M                              85.83                     4.08                     4.43                     3.48                 0.59                      1.60
1 All percentages are simple percent of total number of observations
2  p = primaparous cow and M = multiparous cow
3 1  = no assistance, 2 = slight problem, and 3+ = needed assistance
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Analysis
The most parsimonious model fit to the data was:
"og(T=) bo + Z:a,'xIJ' + Z:ykz,'k
i                              k
[1]
where for animal ,I:
7t,. =  Probability(alive at 48  h),
(1  -7t,)  =  Probability(stillborn),
bo --intercept,
x,J. = /A fixed effect for gestation length (COVariate,  ;  = 280 d ± 2 a =  15 d),
sex of calf (1  = male, 2 = female), parity (2, 3+,  not in model for
primaparous cows), year (linear covariate, 0 = 1985 to ll  = 1996),
season (1  = winter, 2 = summer), dystocia (1  = no assistance, 2 =
slight problem, 3+ = needed assistance, considerable force, and
extreme difficulty); /I =  1  to 7 for multiparous cows (1  to 6 for
primaparous cows),
Z,.A = #h random effect for herd, Or Sire,
a,. = coefficient for the /A fixed effect, and
y,,* -- coefficient for the #h random effect.
The logistic regression model described by equation [1] was used to model
the log-odds of survival to 48 h as functions of one or more independent variables.
Both fixed and random effects were fit using Average Information Restricted
Maximum Likelihood  (ASREML) (Gilmour et al.,1998).   All two-way interactions
among  independent variables were considered  in preliminary analyses, but did  not
improve the fit of the model and will not be discussed further.   Here bois an intercept
corresponding to the log-odds of survival to 48 h for all independent variables at
their base level, i.e. a male calf, born unassisted in the winter season of 1985 to a
cow in her second  parity (parity not included for primaparous cows).   Gestation
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effects were coded to allow the intercept to be at the mean gestation length.  The
log-odds of survival to 48 h for a female calf is bo+b7 When all Other VariableS are at
their base level.   Then exp(bo+b7) iS the Odds Of Survival tO 48 h for female calves
and  [1 + exp(bo+b7)I-1  exp(bo+b7) iS the corresponding  Probability Of Survival.   AIso b7
is the difference in log-odds of survival to 48 h between male and female calves.
The ratio of two odds, called an odds ratio (OR), provides a measure of association
between sex and survival to 48 h.   Independence, or lack of association, between
sex and  survival to 48 h is indicated  by OR =  1, which is equivalant to b7 = 0.
Similarly,  exp(b2) iS the yearly rate Of increase in the ratio Of Odds Of Survival Of
calves born in  1985 to 1996.
The expected  probability of a live calf is given in equation [2];
E(FTi) -
exp(I   +I:,     I    1
1+exp
Equation  [3]  is the expected  probability of a stillborn calf;
E(1-¢l.)-
[2]
[3].
The data were divided into seven groups to facilitate analysis by a
mixed model logistic regression procedure appropriate for binomial categorical data
where one of the two outcomes is a rare event (i.e. stillbirths).   All of the information
from a single herd was randomly assigned to one of seven groups.  Whole herds
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were kept intact to preserve the structure of the data (i.e. sequence of years within a
herd, number of progeny per sire, comparisons among sires) and distribution of
outcome variables.
Individual coefficients for effects in the logistic regression model were
estimated for each of the seven primaparous and multiparous cow groups.  An
overall coefficient was determined by averaging the seven coefficients across
groups.  An estimate of the pooled variance for each parameter was calculated as
follows:
y(;)p../ed -fyg(b^/)/49 [2]
where  yg(a, )  is the variance for the group g and coefficient j defined  in equation [1]
estimated by each analysis.
Role of random effects in logistic regression
Random effects were included in the model to reduce the bias of the
standard errors of the fixed effects.   AIso, there was interest in knowing the herd and
sire variance.   When the logit transformation of Equation [1] is expanded to include
random effects, as shown below, they are multiplied by the fixed effects (Equation
[5]).
)(eblxl )... (ebJXIJ ) (eyHleZr:I  )(eys2lrZel2  )
Fixed effects     Random Effects
[5]
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Results
The primary objectives of this research were to determine the incidence of
stillbirths in the Holstein population of the United States and to determine if the
incidence of stillbirths has changed over an extensive period of time.   Figure 3.1
gives the percentage of stillbirths from 1985 to 1996.   Clearly, there appears to be
evidence of an increasing trend.  The percentage of stillbirths in primaparous cows
increased from 9.50/a in  1985 to  13.20/o in  1996.   During the same time period the
incidence of stillbirths in multiparous cows increased from 5.00/o to 6.6%.
Primaparous cows showed more year to year variation than multiparous cows.
Statistical significance of this trend  is established later.   Environmentally induced
factors contributing to a change in the stillbirth rate are discussed  in the next
section.
sllu!qll!]sJOe6e}u®®Jed i}=7S_C)CJO¢CqO---
8.0%
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0.0%
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Figure 3.1  Observed frequency of stillbirths from 1985 to 1996
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Estimates of parameters
The simple percentage of stillbirths was reasonably consistent across the
seven groups, further examination of the distribution of stillbirths using a Chi-square
test statistic provided significant (P < 0.01 ) heterogeneity between groups within
primaparous and multjparous cows.   This was interpreted to be a reflection on mean
differences among herdd in each sample and not evidence of bI'aS in random
sampling of herds.
The parameter estimates from fitting the logistic regression model described
in  Equation [1] to each of the primaparous and multiparous cow groups are given in
Appendix Table B.1 ; estimates of the variance for random sires and herds are given
in Appendix Table B.2.   Overall parameter estimates with  pooled standard errors
and significance level are given in Table 3.3.   Estimates of effects were reasonably
consistent among groups within primaparous and multiparous cows.   The sampling
variance of each fixed effect for each of the primaparous and multiparous cow
groups is given in Appendix Table B.3.  As with the fixed effect parameter estimates,
the sampling estimates of variance are consistent among groups within primaparous
and multiparous cows.
To further examine consistency among groups within primaparous and
multiparous cows the sampling variance of each of the fixed effects was analyzed
further.   Empirical estimates of the variance`of among groups are given in Appendix
Table B.4.   These variances were small, the largest was 4.65 x  10-7 for the overall
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Table 3.3 Pooled parameter estimates and standard errors of factors
associated with survival to 48 h1
Primaparous cow                                                  Multiparous cow
Parameterl                             Estimate                  Standard error Estimate                  Standard error
Gestation length
Year
Season
Sex of calf
Dystocia 2
Dystocia 3+
Intercept
Parity
0.0147      7/a®,fSJ9         0.0016                                 0.0446
-0.0419
0TO7ra
0.0745
-1.0674
-1.9101
3.2110
Orfu+it
0.0171
0.0272
0.0194
0.0318
_#.£.3q;    0.0032       ¢aei7g.           -0.0244
.. __  _.           .:.,.  -0.2004
y   -o.1158
-1.5401
-2.4298
3.6341
0.0372
0.0012
0.0025
0.0133
0.0131
0.0230
0.0168
0.0235
0.0067
1  All  parameters were significant (P < 0.OO1 )
intercept of primaparous cows.   Estimates of parameters were reasonably
consistent across all groups, therefore the pooled estimate of the parameter should
be a good estimate for the whole population.   The next section uses the pooled
estimates of the parameters to describe the association between stillbirths and other
response variables.
Appendix Table B.2 gives estimates of the variance of sire and herd effects
from the logistic regression model.   ln general, over all seven data sets the ratio of
herd to sire variance was similar in primaparous and  multiparous cows, 8.07 and
9.64 times,  respectively.
Association between stillbirths and other response variables
The OR is a measure of association between survival to 48 h and specific
independent variables in the model (see discussion in Materials and Methods).   Only
pooled estimates of the parameters (Table 3.3) were used to calculated the OR for
both primaparous and multiparous cows.   The OR for each of the independent
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variables in the logistic regression model are given in  Figure 3.2, a brief
interpretation  is provided  in Table 3.4.   Note: for OR in  Figure 3.2 and Table 3.4 all
effects are adjusted for all other effects in the model,  including sire and  herd.   An
OR of 1  indicates that the odds of a live calf and the odds of a stillborn calf are
equal.   An OR >  1  indicates the odds of a live calf are greater than the odds of a
stillbirth whereas, an OR <  1  indicates the odds of a live calf are less than the odds
of a  stillbirth.
Each additional day of gestation above a mean of 280 d increased the odds
of a live calf by 1.50/o in primaparous cows and 4.60/o in multiparous cows (Figure
3.2).   As multiparous cows increased from second to third parity the odds of a live
calf increased by 3.80/o.  The odds of a live calf decreased from 1985 to 1996 by
4.1 O/o  per year in primaparous cows; 2.40/a in multiparous cows.   A summer calving
had better odds of a stillborn calf compared to a winter calving.   A male calf had a
better odds of being alive than a female calf in multiparous cows.   ln primaparous
cows, however, a male calf had better odds of being stillborn than a female calf.   lf a
slight problem occurred during the birth process the odds of a stillborn calf greatly
increased compared to a birth with no assistance.   Calvings that needed assistance
decreased the odds of a live calf compared to an unassisted birth.
Equation [3] was used to produce the expected probability of a stillborn calf in
primaparous and  multiparous cows giving birth to a female calf, during the winter,
with average gestation length (Fig. 3.3 and 3.4).   Expectations for multiparous cows
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Factor                   Base                                                                                                                                                                When
|||  ®       -I     I
Gestation 265 d i        I I  295dI1985
Year 1996 I
Season Summer
I I
lwinterIM-M(F-PlNoassist.
Sex M-P (F-M)
I
Dystocia(2) Slight prob. I  -I-
I
I
Dystocia(3+) Needed assist.
llllllllI-lllllllllllll-lllllll|llllllll|lll-I
No assist.L=IIII---IIIIIllllllllllll-I
Parity 2nd                                                       (                                                            (                                                            I                                                             ll                                                             I
II
3rd
oddsratio           0                    0,2                  0-4                  0.6                  0.8                     1                     1.2
I Primaparous cow I Multiparous cow
Figure 3.2 Odds ratio offl-xed effects
OR =  1  indicates the odds of a live calf are equal to the odds of a stillborn calf
OR >  1  jndl'cates an increase in the odds of a live calf
OR <  1  indicates a decrease in the odds of a live calf (increase in the odds of a
stillborn  calf)
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Table 3.4 Odds ratio of fixed effects from logistic regression
Fixed  Effect                Base
value
Primaparous
COW
OR1
(95O/.  Cl)
Multiparous
COW
OR1
(95O/. Cl)
Interpretation2
(change in odds)
Gestation                 280 d
Year                        1985
Season                  Winter
Sex                        Male
Dystocia2                     No
assistance
Dystocia3+                   No
assistance
Parity                            2nd
1oR = exp(dy is outcome  1
given  in Table 3.3.
1.O15
(1.012,1.018)
0.959
(0.953, 0.965)
0.787
(0.760,  0.815)
1.077
(1.042,1.114)
0.344
(0.326, 0.363)
0.148
(0.143,  0.154)
1.046
(1.043,1.048)
0.976
(0.971,0.981)
0.818
(0.797, 0.840)
0.891
(0.868,  0.914)
0.214
(0.205, 0.224)
0.088
(0.085, 0.091 )
1.038
(1.024,  1.052)
t1.5%in primaparous cows,
A 4.6O/o  in  multiparous cows
per day
I, 4.1 % in primaparous cows,
J 2.4% in multiparous cows
Per year
J 21.3O/a jn primaparous cows,
J 18.2 % in multiparous cows
in summer
A 7.70/a in primaparous cows,
J  10.9% in multiparous cows
in females
J 65.6% in primaparous cows,
J 78.6 a/a in multiparous cows
with slight prob.
J 85.2 % in primaparous cows,
J 91.2% in multiparous cows
with needed assist.
A 3.8%  in multiparous cows
with  3rd parity
= survival to 48 h vs. 0 --dead within 48 h.  Where the values of b,-are
2An i indicates an increase in the odds of a live calf, a J indicates the decrease in the odds of a live
calf (an  increase in the odds of a stillborn calf)
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Figure 3.3 Expected probability of stillbillh in primaparous cows in
relationship to dystocia
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Figure 3.4 Expected probability of stillbirth in multiparous cows in relationship
to dystocia
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also assumed a second parity birth.  At all levels of dystocia the expected probability
of a stillborn calf in primaparous and multiparous cows increased from  1985 to  1996.
The increase in the expected probability of a stillborn calf over time was
largest when assistance was needed at the birth and least with unassisted births.
Table 3.5 gives details for the expected probability of a live or stillborn calf for each
of the seven primaparous and multiparous cow groups and an overall estimate for
an average calf at the given levels of dystocia.   Note that the expected trend is
greater than the observed trend because the model adjusts for random effects of
sire,  herd, and fixed effects (dystocia, sex, parity, year and gestation length).
Economic value of replacements
The value of calves is given in Table 3.6.   Based on the expected frequency
of stillbirths calculated from Table 3.5, the value calves for an average year to
MidStates Dairy Records is given in Table 3.7.   For an average calf the value was
$213.   For an average year the value of calves lost due to stillbirths was over $9.2
million.   This, of course, considers only the losses to MidStates Dairy Records
herds.   The value on a national basis is even higher.
Conclusions
The number of stillborn calves in primaparous and multiparous cows
increased from  1985 to 1996.  The observed percent of stillborn calves increased
3.7O/o in primaparous cows,  1.6O/a in multiparous cows over the  ll  yr.   Logistic
regression estimates provided an increasing trend in the expected probability of a
stillborn calf during the same time period.   Martinez et al. (1983) reported the
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Table 3.5 Expected probabill-ty of stillbirths from logistic regression
Dystocia
Group            Status1 1                                                    2                                                   3+
1                           P
M
2                     P
M
3                     P
M
4                    P
M
5                     P
M
6                     P
M
7                     P
M
5.5
3.5
5.5
3.3
5.0
3.3
5.3
3.3
5.1
3.4
5.0
3.5
5.4
3.4
12.5
14.9
14.6
12.7
12.9
13.5
13.2
13.9
16.2
14.5
13.7
15.1
14.5
14.4
27.5
27.0
27.9
24.8
27.6
25.5
25.6
24.8
27.1
27.8
26.5
26.1
28.2
29.2
Overall                  P                                   5.3                                             13.9 27.2
M                                     3.4                                                14.1                                                26.4
1 p = primaparous cow and M = multiparous cow
Table 3.6 Value of calves1
Type of Calf a)I_a>
Newborn bull
Newborn heifer
3doldbull
3 d old heifer
3 d old heifer from Al sire
3 d old heifer from AI sire and dam with average to good DHIA records
3 d old heifer from Al sire and dam with average to good DHIA records and registration
Papers
lota)CJC)LOLOCVOC>OIOr`NIcolC`'C`lC\ICr)
¢£¢£¢f>¢f>Cf>¢£¢£
1 cost of calves for upper Midwest provided by Tony Seykora (1999, unpublished data)
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Table 317 Replacement value of stillborn calves1
Group      Status2        Expected numberofstillborn calves Expected            Replacement value of
o/a stillborn                    stillborn calves
1
2
3
4
5
6
7
1=OL=0_=D_=Q_=Q_=Q_=
COOOCOOC`C`corLOtLOl`Or`¢
tO¢r`cr,lOttr`c\ICOC`COC`COC`®Cu LOC>IOOlooIOOCOO®
-I---
$   556,444
$   860,899
$    561,244
$   770,568
$    521,885
$    796,615
$    502,163
$   760,496
$    511,544
$    803,501
$   478,406
$   779,655
$    535,370
$    838,615
Overall             P                                                  17191 $3,661,639
M                                          26327                                                  5                              $5,607,691
Replacement cost based upon expected frequency of stillbirths in Table 8 and values in Table 9.
2 p = primaparous cow and M = multiparous cow
stillbirth  rate in  U.  S.  Holsteins to be  10.50/o in  parity 1  dams,  5.50/o  in  parity 2 dams,
and  5.7O/o in parity 3 dams.   The expected probability of a stillborn calf for our
research was  loo/o in primaparous cows and 5O/o in multiparous dams, these results
are similar to those of Martinez et al. (1983).   The overall stillbirth rates mask the
presence of time trends.   This is the first documented evidence for a phenotypic
increase in stillbirths in the United States Holstein.   Berg[und (1996) have reported
an increase in stillbirths for Swedish Red and White, however they have not
quantified the magnitude of the trend.
Differences were found between primaparous and multiparous cows.
Primaparous cows experienced more year to year variation in the percentage of
stillborn calves.   Multiparous cows displayed a smaller increase in the percentage of
76
stillborn calves.   The sex of a calf influencing the odds of a live calf or a stillborn calf
was opposite in primaparous and multiparous cows.   Others have found males tend
to have a higher stillbirth rates than females, however most of these studies were
performed using an average over all parity levels (Woodward and Clark,1959;
Laster and  Gregory,1973; Marfinez et al.,1983a, Martinez et al.,1983b;  Martinez et
aI.,1983c;  Patterson et al.,1987;  McDermott et al.,1992).   When assistance was
needed at birth the dystocia affected the calves of multiparous cows more than the
calves of primaparous cows (i.e. there was a larger difference between no
assistance and slight problem, and slight problem and needed assistance in
multiparous cows than primaparous cows).
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CHAPTER FOUR. GENETIC EVALUATION OF EARLY CALF
SURVIVAL FOR HOLSTEINS IN THE UNITED STATES
A paper, a portion of which will be submitted to the Journal of Dairy Scl'ence
C.  L.  Meyer, and  P. J.  Berger
Iowa State University
Abstract
Stillbirth, defined as a calf that dies just prior to, during, or within 48 h of
parturition represent a reoccurring concern among breeders of dairy cattle in the
United States.   About 110/a of parturitions to primaparous Holstein cows results in
the death of a calf; 5.7O/o in multiparous cows.   The purpose of this research was to
estimate genetic parameters by restricted maximum likelihood for survival rates, to
characterize the genetic evaluation of sires, and estimate genetic trends from  1984
to  1994.   Data (n = 658,666) were from the National Association of Animal Breeders
calving ease database.  There were over 600 new young sires each year.  The
binomial  response variable,  1  = alive, 0 = stillborn within 48 h of parturition was
analyzed by using a sire-maternal grandsire linear mixed  model.   Model included
fixed effects for sex of calf, dystocia, gestation length, and season of birth;
correlated random effects of sire and maternal grandsire; uncorrelated random
effects of herd-years.   Parturitions of primaparous and multiparous cows were
analyzed separately.
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ln  primaparous cows, heritability estimates were  1.10/o and 2.20/o for sire of
the calf and maternal grandsire, respectively.  The genetic correlation between sire
and maternal grandsire PTA was 0.31.  The PTA for sire of the calf ranged from -
2.9 (lower survival) to 2.8o/o (higher survival).   Mean PTA from  1984 to 1994 was
qul-te variable from year to year.   Evidence is presented showing a slight negative
genetic trend  in survival (-0.040/o per year for sires, and -o.o20/o per year for maternal
grandsires).   Estimates of genetic parameters and genetic trends for data from
multiparous cows are also reported.   Correlations between PTA for survival, milk
yield, and calving ease are given.
Key words:  heritability,  Holstein, stillbirth, sire-maternal grandsire model
Abbreviation key: NAAB = National Association of Animal Breeders, MGS =
maternal grandsire, TA = transmitting ability
Introduction
A stillborn calf, one that dies just prior to, during, or within 24 to 48 h of
Parturition (Philipsson et. aI.1979) represents a reoccurring concern among
breeders of dairy cattle in the United States.   The 24 to 48 h timeframe is used due
to the large number of calf losses during that time. Estimates of calf loss show that
57.4O/a of all losses up to weaning occur during the first 24 h postpartum, and 65.70/a
by 48 h  postpartum (Patterson et al.,1987).
The effects of stillbirths are widespread, including both economic and genetic
losses.   The economic costs include the loss of the value of the calf, and treatment
expenses (Wittum et al.,1993).   Thompson et al.  (1981 ) estimated the total cost of
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stillbirths to the United States dairy industry to be $132 million per year.   Genetic
progress is not achieved when a calf is stI'Ilborn, setting genetic improvement behind
a generation.
Genetic factors that influence stillbirths can be divided into sire,  maternal, and
maternal grandsire genetic effects.   Sire effects result from the sires genetic
contribution to the calf.   Maternal effects result from the genetic composition of the
dam.   Maternal grandsire (MGS) effects include the contribution of the MGS as the
sire of the dam, and as the grandsire of the calf.   Heritability estimates of stillbirths
vary widely, sire estimates range from 0.OO3 to 0.12,  maternal estimates from 0.002
to 0.018,  maternal grandsire estimates from 0.002 to 0.084 (Table 4.1 ).   ln general,
estimates of direct heritability are larger than estimates of maternal heritability.   Part
of the wide range in estimates for sire variance and heritability are due to differences
Table 4.1  Literature estimates for direct and maternal estimates of heritability
for stillbirth
Heritabjlity
Researcher                                   Model typed                     parity            sire             Maternal         MGS2
Bar-Anan et al.,1976
Marfinez et aI.,1983a
Martinez et al.,  1983b
Cue and  Hayes,1985
Meijering,1985
Weller et al.,1988
McGuirk et al,1995
Two-way  AINON A
Multitrait
Multitrait
Multitrait REML
BLUP sire
Threshold
Linear
Sire threshold (REG)
Sire (REMLPK)
1                  0.036
2                 0.013
1                 0.004
2               0.006
All                 0.09
1                   0.013
2                 0.001
All                0.003
1                   0.071
1                   0.031
All                   0.12
All                 0.02
0.012
0.002
0.005           0.004
0.006           0.005
0.018
0.002
0.084
0.027
1 ANOVA = analysis of variance,  REML = restricted maximum likelihood,  BLUP = best linear
unbiased predictor, REG = least squares assuming threshold model, REMLPK = restricted
maximum likelihood analysis for a sire model
2 MGS = maternal grandsire
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in  breeds (Philipsson,1976).
The objectives of this research were to estimate genetic parameters for
survival rates by restricted maximum likelihood, to characterize the genetic
evaluation of sI'reS, and estimate genetic trends for Survival from  1984 to  1994.
Materials and Methods
Data
MidStates Dairy Records processing center collected stillbirth data from
seven Midwestern states (Iowa, Missouri, South Dakota, Nebraska, Oklahoma,
North  Dakota and  Kansas) from  1984 to  1997.   The National Association of Animal
Breeders (NAAB) provided this sample of 828,543 United States Holstein births for
analysis.   All progeny were from sires of North American artificial  insemination
organizations.   Farm personnel observing the births recorded all relevant birth data.
Dystocia was scored on a scale of 1  (= no assistance) to 5 (= extreme difficulty).
Dystocia was reduced to three classes to assist with computations:  1  (= no
assistance), 2 (= slight problem), 3+ (= needed assistance).   Data were edited to
include herds with at least goo/o of births with survival records (i.e.  1  = calf alive at 48
h postpartum, 0 = stillborn calf at 48 h postparfum).   Individual birth records were
kept if survival was recorded.   Records with gestation length exceeding to ± 2
standard deviations (where a = 7.5 d) from a mean of 280 d were excluded.   Only
herds and sires with at least 25 total births over the whole time period were included
in analyses.   Following all edits there were 666,339 birth records from  1985 to  1996.
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Other variables that were recorded for all births include herd, parity of dam, season
of birth, sex of calf, sire and maternal grandsire.   All calves had complete sire
identification,  missing identification for maternal grandsires was replaced with a
phantom identification.   There were ll  phantom maternal grandsire groups based
on the year of the calf's birth.
The data were split into subsets as described earlier jn Chapter 3.
Primaparous and multiparous data sets for 1, 3, 5, 7, and overall were analyzed.
Complete herds were randomly assigned to one of seven groups.  A summary of the
information contained  in each data set is given in Table 4.2.   Survival to 48 h
postpartum rather than stillbirth was analyzed to emphasize the positive aspects of
the trait for reporting genetic evaluations of sires (i.e. sires with  positive PTA have
better survival rates and sires with negative PTA have lower survival rates).
Table 4.2 Summary of number of records, herd-years, sires, maternal
grandsjres and survival rate for data sets
Number of
Data set          Parity1 Records             Herd-years              Sires                   Maternal            Survival
grandsires (a/.)
1                             P
M
3                      P
M
5                     P
M
7                      P
M
25,188  (15.8O/a)2             1,874
72,682 (29.7%)2           2,545
24,286 (16.5%)2            1,905
72,891  (31.3o/a)2            2,610
22,703  (16.10/a)2             1,737
70,593 (30.8%)2           2,522
23,603 (13.40/o)2            1,786
70,326 (28.9O/a)2           2,554
1,512                         3,125
2,307                    3,884
1,418                       2,837
2,283                    3,729
1,397                      2,835
2,282                      3,761
1,405                       2,871
2,269                     3,614
88.9
94.2
89.4
94.5
88.9
94.4
88.8
94.1
All                       P              165,559 (14.80/a)2         12,677                   2,36O                       8,242                    89.0
M              493,107 (29.4O/a)2         17,767 2,459                     9,727                  94.4
1 p = primaparous cow, and  M = multiparous cow
2 percentage missing maternal grandsire identification
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The association between PTA for survival, milk yield, and calving ease was
estimated by Pearson product moment correlations.   National evaluations for milk
yield,  published  by the USDA-AIPL in August 1998, were matched with the
evaluations for survival estimated from the data used in this research.   Calving ease
evaluation were the Expected  Percentage of Difficult births published by NAAB in
March  1999.
Methods
A sire-maternal grandsire model was used to estimate genetic parameters for
survival.   The mixed model was:
y=Xb+Zls+Z2m+Z3hy+e Il
where y is an r, x 1  vector of binary outcomes for survival (1  = alive at 48 h
postpartum, 0 = stillborn at 48 h postparfum), b is a m x 1  vector of fixed effects (b7
= regression coefficient for gestation length; A,, = /A season, /I =  1,2; bk = k{h sex, A =
1,2; and b, =/hdystocia /=  1, 2, 3), s is a sx 1  vectorof  transmitting abilities (TA)
forsire of the calf, m is apx 1  vectorofTAformaternal grandsires, hy is a qx 1
vector of random herd-year effects and e is a n x 1  vector of random residual
effects.   Known  matrices X, Z1, Z2, and Z3 link the Vectors Of fixed effects and
random effects for sires, maternal grandsires, and herd-years to the vector of
observations.   We chose to include dystocia as a fixed effect in the model to adJ'uSt
for the average differences in stillbirth associated with each level of dystocia.
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Expectations of effects and variances were:
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Sires and MGS were fit as correlated random variables, where A is the additive
genetic relationship matrix. The random effect hy was fit as a vector of uncorrelated
random variables; Var(s) = A crs2 , var(m) = A a-; ,  Cov(sm) = A crsm , Var(hy) =  I crA2y ,
and var(e) = I c7e2 .   The (co)variance components were estimated using the
multiple-trait derivative free restricted  maximum likelihood  program (MTDFREML)
developed  by Boldman et al.  (1995).
Our interest was in understanding the relationship between stillbirths as a trait
of the calf (s =  1/2 direct genetic breeding value of the sire) and as a trait of the cow
(1/4 direct genetic breeding value of MGS plus 1/2 of the maternal genetic breeding
value of the MGS).   Therefore, heritabilities were estimated as  4crs2 /cr;  for direct
genetic effects and  4a;gr /op2 for MGS effects.   Standard errors were calculated
using a modification of the average information techniques (Johnson and
Thompson,1995) developed by Dodenhoff et al. (1998) for the MTDFREML
procedure.
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Mean, median, skewness, and kurfosis of sire PTA, maternal grandsire PTA,
and herd-year solutions were used to characterize the distributions of these effects.
The mean and median are two measures of central tendency.   Some skewness is
implied whenever the mean and median are not equal.   Positive values of skewness
correspond to a higher proportion of large positive values and a smaller proportion
of small negative values than would be expected in samples from a normal
distribution.   Kurfosis measures the heaviness of the tails of the distribution.   Large
values of kurfosis are indicative of more observations in the tails (i.e. extreme
values) than expected from a normal distribution.   Values for kurtosis typically range
from -2 to +co (SAS,1990 p.ll-12).   Values over 2 indicate slight variation from
normality.   Values over 4 raise concerns that more observations are in the tails of
the distribution than would be expected in a normal distribution.
Results
Genetic parameters
Variance components were estimated by fitting model [1] to each data set.
Estimates of sire,  MGS, herd-year, error and total variance are given in Table 4.3.
Herd-year variance was larger than sire or MGS variance in all data sets.   Estimates
of the covariance between sire and maternal grandsire estimates were generally
positive, with the exception of data sets 3 for primaparous and multiparous cows
and for data set 5 multiparous cows.   ln the combined analysis of all data for
primaparous cows, the MGS variance was double the sire variance.  Whereas, in all
data for multiparous cows the sire and MGS variance were about equal.   Herd-year
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Table 4.3 Estimates of variance components for survival from a sire-maternal
grandsire model using a linear model1
Data            Parity2              v(sire)        coy(sire,  MGS)   V(MGS)   V(herd-year)      V(error)
set
V(total)
1                            P                       0.OOO21
M                    0.00O10
3                    P                 0.00042
M                  0.00005
5                      P                  0.00041
M                 0.00009
7                    P                 0.00037
M                  0.00O50
0.00021
0.00002
-0.00002
-0.OOOO3
0.00032
-0.00001
0.00011
0.OOO40
0.00058
0.00004
0.00041
0.00002
0.00027
0.00001
0.00092
0.00033
0_00189
0.00108
0.00243
0.00092
0.00216
0.00082
0.OO133
0.00090
0,08858
0.05003
0.08433
0.04839
0.08815
0.04849
0.08875
0.04976
0.09147
0.05126
0.08758
0.04936
0.09131
0.04946
0.09147
0.05189
All                    P                  0.00024               0.00011           0.00050         0.00211            0.08773          0.09069
M                  0.OOOO5              O.00001            0.00004         0.00094           0.04902           0.05006
1 v(variable) is the variance of said variable, cov(sire, MGS) is the covariance between sire and
maternal grandsire
2 p = primaparous cow and M = multiparous cow
variance for all data was 4,2 times larger than MGS variance for primaparous cows;
23.5 for multiparous cows.   ln each of the data sets for primaparous cows, estimates
of sire, MGS, and herd-year variance were larger than the estimates from the
corresponding multiparous cow data sets, except for the sire variance from data set
7.
Estimates of heritabilities and of the genetic correlation between sires and
MGS are given in Table 4.4.   Heritability estimates varied greatly between data sets.
This may be due to different sires and MGS being represented in each group. Of
course, the mean and variance are closely associated in binary data, therefore slight
differences in the mean stillbirth rate can cause the phenotypic variance to be
different from one data set to another.   The sire heritability estimate was  1.10/o for all
primaparous cows, and 0.4o/a for multiparous cows.   Estimates for MGS heritability
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Table 4.4 Estimates of heritabl'lity and genetic correlation for survival from a
sirelmaterna[ grandSire model using a linear model
Data set     Parityl    sire (a/a) Approximate      Maternal      Approximate
standard        Grandsire         standard
error                   (a/o)                    error
Genetic          Approximate
correlation      standard error
1                      P
M
3                 P
M
5                 P
M
7                 P
M
0.9                      0.1
0.8                      0.1
1.9                      0.2
0.4                     0.1
1.8                      0.2
0.7                      0.1
1.6                     0.2
3.9                      O.2
2.5                       0.2 0.60                     0.26
0.3                      0.0                      0.25                       0.44
1.9                       0.2                      -0.04                       0.30
O.2                       0.0                      -0.98                       0.56
1.2                              0.1
0.1                           0.0
0.4                       0.3
2.5                          0.1
0.98                     o.26
-0.15                        0.72
0.18                        0.25
1.00                        0.60
All                    P                  1.1                       0.0                          2.2 0,1                          0.31                         0.ll
M               0.4                   0.0                       0.3                       0.0                       0.23                        o.18
P = primaparous cow and M = multiparous cow
were 2.20/o, and 0.3O/o for primaparous and multiparous cows, respectively.   Both sire
and MGS heritability estimates for primaparous cow were at least double
multiparous cow estimates.  A moderate positive genetic correlation between sire
and MGS was estimated to be 0.31  and 0.23 for primaparous and multiparous cows,
respectively.
Estimates of fixed effects
Estimates of fixed effects in the model are given in Table 4.5.   The mean
survival of calves from primaparous cows was lower than the mean for multiparous
cows in all data sets,  indicating a higher stillbirth rate in primaparous than
multiparous cows.   Parameter estimates for fixed effects were consistent across
data sets within primaparous and multiparous cows, but the estimates differed
greatly between primaparous and multiparous cows.
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The least square mean survival rate for each data set is given in Table 4.6.
Least square means of survival were consistent across all data sets.   Season of
calving had a slight influence on the mean survival, with winter typically having a
higher mean survival.   Sex of the calf did not influence the mean survival for
primaparous or multiparous cows.  Dystocia was the fixed effect with the largest
influence on mean survival.  As the level of dystocia increased, the mean survival
decreased  (i.e. the stillbirth rate increased).   ln the data set
Table 4.6 Least square mean survival from linear sirelmaternal grandsire
model
Dystocia2
DataSet     Parityl       winter       summer       Male           Female              1                        2                         3+
1                        P
M
3                  P
M
5                  P
M
7                  P
M
0.85               0.83
0.85               0_84
0.85              0.83
0.83              0.82
0.85              0.84
0.85              0.84
0.85               0.83
0.83              0.83
0.84             0.85             0.94
0.84             0.84             0.95
0.84             0.84             0.94
0.86             0.78             0.93
0.84             0.85             0.95
0.85             0.84             0.96
O.84              0.85              0.95
0.83             0.83             0.95
0.87                    0.72
0.85                    0.72
0.87                    0.72
0.83                    0.70
0.84                    0.74
O.86                       0.71
0.86                    0.72
0.85                    0.69
All                   P                0.85               0.83               0.83             0.84             0.94                  0.85                     0.72
M               0.85              0.84              0.84             0.84             0.95                  0.85                     0.72
1  p = primaparous cow and M = multiparous cow
2 Dystocia  1  = no assistance, 2 = slight problem, and 3+ = needed assistance
containing all primaparous or all multiparous cow data, the mean survival decreased
from 0.94 in primaparous (0.95 in  multiparous) for dystocia level  1, to 0.85 for
dystocia level 2, and to 0.72 for dystocia level 3+.
Genetic evaluat®IOn
The sire PTA for survival (O/o) are summarized  in Table 4.7.   These
evaluations for sires, and later for MGS, have the usual properties associated with
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Table 4.7 Summary of sire PTA for survival (%)
Dataset        Parityl           Mean          Median           S.D.         Minimum    Maximum   Skewness     Kurtosis
1
3
5
7
P                -0.06
M                   0.20
P                  0.42
M                   0.04
P                -0.47
M                   0.00
P                  0.20
M                   0.22
0.0                 0.45                 -2.1
0.0                 0.25                 -1.2
0.4                 0.71                  -2.3
0.0                  0.17                 -0.7
-0.3                0.92                -4.5
0.0                   0.03                  -1 _8
0.2                 0.25                 -1.2
0.3                0.62                -3.4
1.6
1.5
3.2
0.9
2.3
1.3
1.6
2.8
-0.50               0.41
0.08              0.88
-0.05             -0.06
-0.06               1.03
-0.68               0.31
-0.66               1.58
0.09              0.94
-0.58                2.13
All P                   0.27                0.3               0.70               -2.9                 2.8                -0.49               0.39
M                    0.23                 0.2                 0.24                 -1.5                  1.3                  0.13                0.34
1 p = primaparous cow and M = multiparous cow
mixed model genetic prediction; they are best linear unbiased predictors of theTA for
survival.   The PTA range from -4.50/o for sires whose progeny had poor survivability
to 3.20/o for sires whose progeny had exceptionally good survivability.   Because the
PTA were within primaparous or multiparous cow data sets, they are relative to the
mean within each group.   lf the need would arise to compare sires mated to
primaparous and multiparous cows, then all data would need to be analyzed
together.
Values for skewness were small (Table 4.7), indicating that the mean and
median PTA of sires were similar.   When all primaparous cow records were
analyzed together a small negative skewness was found, indicating that PTA of
sires had a slight left skewness (i.e.  higher frequency of low PTA for survival than
expected).   All multiparous records analyzed together had a skewness of 0.13,
indicating almost no skewness.   Most of the values for kurtosis were within the
acceptable range, as discussed in the section on Materials and Methods, with the
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exception of multiparous cow data set 7.  The kurtosis value of multiparous cow data
set 7 suggests that more PTA values were in the tails, than would be expected in a
normal distribution. All data for primaparous cow led to slight deviations from a
normal distribution, as indicated by a low kurfosis value (Table 4.7).
The highest and lowest PTA for sires bred to primaparous cows are given in
Table 4.8, and Table 4.9,  respectively.   Sires with the highest PTA for survival of
Table 4.8 Summary of highest sire PTA for survival: all primaparous cow data
Number
Rank                               PTA (%)                      Survival  (0/o)1 Alive                                 Stillborn
rc`®¢LO®r`coO): 2.8
2.6
2.4
2.3
2.3
2.3
2.3
2.3
2.2
2.1
91.9
91.5
93.8
95.2
92.4
92.4
92.4
93.8
96.4
92.7
872
389
473
177
1,112
1,235
537
136
80
569
[S;®g!g¬cDCr)lO
t
I-
1  Based on observed frequency of calves alive or stillborn at 48 h postpartum
Table 4.9 Summary of lowest sire PTA for survival: all primaparous cow data
Number
Rank                                PTA (0/a)                       Survival  (O/a)1 Alive                                 Stillborn
rNCO¢LO®r`COO): -2.9
-2.8
-2.8
-2J
-2.4
-2.4
-2.4
-2.3
-2.3
-2.2
79.1
80.1
79.3
80.5
85.5
83.4
76.7
84.4
44.4
80.0
125
122
149
169
1,927
241
33
675
4
68
1  Based on observed frequency of calves alive or stillborn at 48 h postpartum
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their progeny had values from 2.1  to 2.80/o.   Based on the number of stillborn and
live calves for a sire, the range of survival rates for a sire's progeny was from 91.5 to
96.4% (see Table 4.8). Sires with lowest PTA values had a range of PTA values
from  -2.2 to -2.80/o.   Based on the observed data, a wide range of survival rates
was associated with these sires ranging from 44.4 to 85.5O/o (see Table 4.9).
The ten highest and ten lowest PTA for sires bred to multiparous cows are
given in Table 4.10, and Table 4.ll,  respectively.   Sires with the highest PTA for
survival of their progeny had values from  1.1  to  1.3O/o.   The observed survival
percentage for these sires ranged from 94.9 to 98.50/o (see Table 4.10).   Sl'res with
the lowest ten PTA values had a range of PTA values from -1.5 to -0.5o/o.   The
range of observed survival percentages for the lowest ten sires was from 91.0 to
93.2O/a (see Table 4.ll ).
The PTA for MGS are summarized in Table 4.12.   The PTA ranged from
-7.90/o (worst survival) to 3.70/a (best survival). There was a slight negative
skewness in five of the eight analyses, indicating that there were a greater number
Table 4.10 Summary of highest sire PTA for survival: all multiparous cow data
Number
Rank PTA (O/o)                       Survival  (a/a)1                           Alive Stillborn
INco¢LO®r`coo)= 1.3
1.2
1.2
1.2
1.1
1.1
1.1
1.1
1.1
1.1
95.9
96.0
95.4
96.1
97.7
95.6
95.9
96.7
98.5
94.9
3,001
618
2,165
1,122
384
1,783
1 ,450
871
198
1,027
1  Based on observed frequency of calves alive or stillborn at 48 h postpartum
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Table 4.ll  Summary of lowest sire PTA for survival: all mu[tiparous cow data
Number
Rank                               PTA (%)                      Survival  (a/o)1                          Alive                                Stillborn
IN®dro®r`COO)= -1.5
-1.0
-0.8
-0.8
-0.I
-OJ
-OJ
-0.6
-0.5
-0.5
92.0
91.0
91.2
91.6
92.7
92.6
91.3
93.2
93.1
92.2
CO r`rrCOL®O)C\IOrrLOC\lrCD`tcorr`C\ltCr)I(OO)(Ot`C\IrC>r
1  Based on observed frequency of calves alive or stillborn at 48 h postpartum
Table 4,12 Summary of maternal grandsire PTA for survival (%)
Data set        Parityl           Mean          Median           S.  D.         Minimum    Maximum   Skewness     Kurtosis
1                          P
M
3                   P
M
5                   P
M
7                    P
M
-0.20               -0.1                 0.93                -3.7
-0.02                 0.0                 0.15                 -0.6
-0.45               -0.4                0.7O                -3.8
-0.02                  0.O                 0.12                 -0.6
-0.39               -0.3                0.74                -3.7
0.05                0.0                0.07                -0.4
-0.76                -0.7                 1.27                 -7.9
0.17                 0.2                0.50                -2.8
2.9
0.9
1.8
0.5
1.9
0.3
3.5
2.3
-0.31               -0.ll
0.57                  1.14
-0.35             -0.03
0.05               0.90
-0.68               0.34
0.00               0.66
-0.33               0.44
-0.57                2.12
All                     P                 -0.32               -0.2                0.99                -6.8                 3.7                -0.54               0.85
M                    0.06                  0.1                 0.18                 -0.8                  0.2                   0.15                0.70
1 p = primaparous cow and M = multiparous cow
of MGS with a higher rate of stillbirths (lower survival) than expected in samples
from a normal distribution.   The positive skewness in other data sets indicated just
the opposite (i.e. greater survival than expected).   Kurtosis indicated there were
more extreme values than expected in data set 7 for multiparous cow.   The kurfosis
for the data sets containing all primaparous and all multiparous cow data was slight,
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indicating that extreme PTA for MGS deviated slightly from the expected number in
a sample from a normal distribution.
Genetic evaluation of MGS is for the survival of their daughters' progeny.   For
progeny of primaparous cows, the highest and lowest MGS PTA are given in Tables
4.13 and 4.14,  respectively.   Highest ranking maternal grandsires had  PTA ranging
from 2.4 to 3.70/o.   Observed estimates of survival ranged from 87.4 to 99.00/o (Table
4.13).   For MGS with the lowest PTA, the range of PTA was from -6.8 to +.10/a.
Observed estimates of survival were from 0.0 to 83.2O/a (see Table 4.14).
For daughters as multiparous cows, the highest and lowest MGS PTA are
given in Tables 4.15, and 4.16,  respectively.   The ten highest MGS had  PTA values
from o.7 to 0.90/a.   The observed survival percentage for these MGS ranged from
94.9 to 98.10/o (see Table 4.15).   The lowest ten MGS had  PTA values from -0.7 to -
0.5 and observed survival  percentages from 70.8 to 92.90/o (see Table 4.16).
Table 4.13 Ten highest ranking MGS for survival of their grandprogeny in their
daughters as primaparous cows
Number
J£I®Fi] PTA (%)                      Survival  (%)1                           Alive                                Stillborn
INCr)dlO®r`coo: 3.7
3.5
2.7
2.7
2.7
2.7
2.5
2.5
2.5
2.4
96.2
99.0
87.4
97.0
93.3
94.9
95.6
94.7
94.0
94.4
cOcor`O)(Orl`rOC`Ir`CJO)u)r`Cr)CO¢rO
rIcolC\'corC\l
1  Based on observed frequency of calves alive Or Stillborn at 48 h postpartum
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Table 4.14 Ten lowest ranking MOS for survival of their grandprogeny in their
daughters as primaparous cows
Number
Rank                             PTA (0/o) survival (a/a)1 Alive                                Stillborn
1
2
3
4
5
6
7
8
9
10
-6.8
-5.5
-5.3
-4.6
-4.5
-4.5
-4.4
-4.2
-4.2
-4.1
71.0
77.4
80.5
80.9
82.1
50.0
83.2
40.0
60.0
0.0
103
285
511
262
432
3
183
2
3
0
1  Based on observed frequency Of Calves alive Or Stillborn at 48 h postpartum
Table 4.15 Ten highest ranking MGS for survival of their grandprogeny in their
daughters as multiparous cows
Number
Rank                            PTA (%) survival  (o/a)1                           Alive Stillborn
1
2
3
4
5
6
7
8
9
10
0.9
0.9
0.8
0.8
0.8
0.8
0.7
0.7
0.7
0.7
96.5
98.1
94.9
96.1
96.0
95.2
96.5
96.9
97.9
97.6
col`cot`LOC>CDCN®OLf)®Loll)C`C`cor`COOr``t®.CO.(a(O`r-®rco
CNCV
1  Based on observed frequency Of Calves alive Or Stillborn at 48 h postpartum
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Table 4.16 Ten lowest ranking MGS for survival of their grandprogeny in their
daughters as multiparous cows
Number
J£Ima: PTA (a/a)                      Survival (a/a)1                           Alive                                Stillborn
rNcotLO®r`CO®: -0.I
-0.6
-0.6
-0.6
-0.6
-0.6
-0.6
-0.5
-0.5
-0.5
7038
92.5
92.2
85.8
86.2
90.6
73.9
91.6
92.9
90.9
17
825
487
97
56
384
17
208
1,699
229
I`r`Itoo,OtOO,Oco
{O¢rq-r-coC\I
|-
1  Based on observed frequency of calves alive or stillborn at 48 h postpartum
The distribution of best linear unbiased predictors of herd-year effect is
summarized  in Table 4.17.   The values range from -17.10/o  (poor survival) to  10.OO/o
(good survival).   The skewness statistic was consistently negative for all data sets.
Also, the measure of skewness was surprisingly similar for both primaparous and
multiparous cows.   Kurfosis, however, was much higher for herd-years than for sires
or MGS.  The large values for kurtosis suggest that there were more estimates of
Table 4.17 Summary of random herd-year effects for survival (%)
Data set        Parityl            Mean           Median           S.  D.          Minimum Maximum   Skewness    Kurtosis
1                         P
M
3                   P
M
5                   P
M
7                    P
M
0.00                 0.2
0.00                0.2
0.00                 0.3
0.00                0.2
0.00                 0.2
0.00                0.2
0.00                  O.2
0.OO                   0.2
1.91                   -9.5
1.89                 -17.1
2.36                -10.1
1.67                  -10.1
2.12               -ll,8
1.59                -12.7
1.39                  -8.0
1.61                  -12.2
6.5
9.9
8.4
9.3
7.9
10.0
5.0
8.6
-0.87              2.88
-0.78               5.18
-0.62               1.67
-0.73              2.77
-0.62              2.37
-0.66              4.85
-0.66              2.36
-0.78              3.46
All                      P                   0.00                 0.2                 2.08               -15.3                  9_7               -0.67               2.42
M                   0.00                 0.2                  1.69               -15.8                9.8                -0.77               3.56
1 p = primaparous cow and M = multiparous cow
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herd-year effects at the extremes than would be expected if the herd-year effects
were normally distributed.
The highest ten and lowest ten herd-year SOlutiOnS for the all PrimaParOuS
cow data are given in Tables 4.18, and 4.19, respectively.   Estimates of herd-year
effects from all primaparous cow data ranged from 7.5 to 9.70/a, with observed
Table 4.18 Summary of highest herd-year SOlutiOnS for Survival: all
primaparous cow data
Number
Rank                   Herd-year sol  (o/a)            Survival  ( Alive                                Stillborn
1
2
3
4
5
6
7
8
9
10
9.7
8.4
8.1
8.0
8.0
7.9
7.8
7.6
7.5
7.5
94.8
100.O
95.8
98.4
100.0
95.0
97.4
97.5
98.1
97.7
55
49
91
62
31
57
37
39
51
84
1  Based on observed frequency Of Calves alive Or Stillborn at 48 h postpartum
Table 4.19 Summary of lowest herd-year SOlutiOnS for Survival: all
primaparous cow data
Number
Rank                   Herd-year sol (a/a)            Survival Alive                                 Stillborn
1
2
3
4
5
6
7
8
9
10
-15.3
-12.3
-12.1
-ll.3
-10.6
-10.5
-10.5
-10.2
-10.2
-10.1
55.6
50.0
56.1
60.7
60.0
53.3
64.7
50.0
55.0
63.6
15
9
23
17
12
8
22
7
i|
14
1  Based on observed frequency Of Calves alive Or Stillborn at 48 h postpartum
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survival rates ranging from 94.8 to  1 OO.00/a (see Table 4.18).   The difference
between the ten highest and ten lowest herd-year effects was greater than the
difference between ten highest and ten lowest sires or MGS.   For primaparous cow
data, estimates of the ten lowest herd-year solutions ranged from -15.3 to -10.1 O/o
(see Table 4.19).  The observed survival rate for the lowest herd-year solutions was
from 50.0 to 64.7O/a (see Table 4.19).
The highest and  lowest herd-year SOlutiOnS for all  multiParOuS COW data are
given  in Tables 4.20, and 4.21,  respectively.   The ten highest herd-year solutions
ranged from 7.7 to 9.80/o.   The percentage of stillbirths observed for these herd-
years ranged from 95.1  to 100.OO/o (see Table 4.20).   The ten lowest herd-year
solutions ranged from -15.8 to -9.4, as with primaparous cows the range in herd-
year solutions was larger than the range in sire or MGS  PTA.   The survival
percentage for the ten lowest herd-year solutions ranged from 23.5 to 80.6O/o (see
Table 4.21).
Table 4.20 Summary of highest herd-year solutions for survival: all
multiparous cow data
Number
Rank                    Herd-year sol (%)            Survival (a/o)1 Alive                                Stillborn
rNco¢l®®r`coCD= 9.8
9.7
9.4
9.0
8.9
8.6
8.4
8.2
7.8
7.7
97.4
95.1
100.0
98.1
97.9
98.4
100.0
99_0
97.8
95.1
cocDC`C`r`®NCqLochcococolOtC`u)CJ¢Cr)
|-
1  Based on observed frequency Of Calves alive Or Stillborn at 48 h postpartum
/
100
Table 4.21  Summary of lowest herd-year solutjons for survival: all multiparous
cow data
Number
Rank                     Herd-year sol  (%)            Survival (O/a)1                          Alive                                Stillborn
1
2
3
4
5
6
7
8
9
10
-15.8
-14.3
-13.3
-13.2
-12.3
-10.7
-10.1
-10.1
-9.8
-9.4
23,5
52.0
62.2
54.2
45.0
52.9
79.5
57.1
61.9
80.6
4
13
23
13
9
9
70
12
13
75
Cr)C\ItrIcocoa)coco
1  Based on observed frequency of calves alive or stillborn at 48 h postpartum
Association between PTA for survival, milk yield, and calv-Ing ease
Product moment correlations among genetic evaluations for sires and
maternal grandsires for survival, milk yield, and calving ease are given in Table
4.22.   For both primaparous and multiparous cows there was a moderate positive
correlation (0.43 and 0.46,  respectively) between sire and MGS for PTA survival.
Correlations between  PTA of a sire for survival and milk yield, were similar in
absolute magnitude,  but differed in sign between primaparous and  multiparous
cows,  i,e. -0.07 and 0.08,  respectively.   Maternal grandsire PTA for survival of their
grandprogeny and  milk yield were unrelated in multiparous cows (r = O,01 ).   ln
primaparous cows, however, the correlation was -0.15 (i.e. as milk yield of a bull's
daughter increases survival of his daughter's progeny decreases).  The relationship
between sire PTA for survival and calving ease was similar for primaparous and
multiparous cows, -0.16 and -0.13, respectively.   For maternal grandsires, the
relationship between survival and calving ease changes between primaparous and
101
Table 4.22 Correlations among PTA of sire and MOS for surv'lval, calving ease,
and milk yield
PTA                                 Parity1 Survival (MGS) Milk yield                     Calving ease
Survival  (sire)
Survival  (MGS)
Milk yield
P
M
P
M
P
M
o.43407                         -0.07449                         -0.15729
o.45717                            0.07837                         -0.12805
-0.14851                           -0.04605
0.01380                         -0.15378
0.05077
0.06422
1  p = primaparous cow, and M = multiparous cows;  using all data for each Parity
multiparous cows, -0.05 and -0.15, respectively.  The association between PTA for
survival and  PTA for calving ease of sire and MGS are similar in multiparous cows,
the association is different in primaparous cows.
Genetic trend
Tables 4.23 and 4.24 give estimates of the mean PTA for survival, milk yield,
and calving ease.   Mean PTA of MGS for survival was consistently below mean for
sires across all years (i.e. greater stillbirth in MGS) in both primaparous, and
multiparous cows.   There was no consistent indication Of a genet'lC trend in Survival
from 1984 to 1994. There were large negative trends for specific combinations Of
years (e.g. -o.13O/o per yr for sires from  1991  to 1993, and -0.O20/o per yr for MGS
during the same time period) (see Table 4.24).   The overall trend  in  PTA of survival
for sires mated to primaparous cows was -0.040/o per yr; in MGS the trend was -
o.o20/o per yr.   ln multiparous cows, the overall trend in  PTA for survival of a sire's
progeny was -o.oo6o/o per yr', -0.001 % per yr for MGS.   Positive trends in  PTA for
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Table 4.23 Average genetic effect from 1984 to 1994 in sire and MGS PTA, milk
yield, and calving ease for primaparous cows
Birth                   Number of
yearl               sires/MGS
ear effects
Sire (a/a)                MGS (%)               Milk PTA (kg)        Calving ease (a/a)
1984                      3,136
1985                         530
1986                        675
1987                          621
1988                          641
1989                         725
1990                        686
1991                           684
1992                           613
1993                           108
1994                           62
0.42                         0.02
O.35                          -0.41
0.30                       -0.70
0.17                          -0.79
0.38                        -0.52
-0.01                          -0.59
-0.22                       -0.55
0.28                       -0.34
0.33                       -0.34
-0.08                       -0.68
-0.00                        -0.57
-226.57  (3'128)2
220.92     (529)
313.93      (675)
391.56      (620)
503.32     (641)
617.82      (725)
727.80     (685)
904.06     (684)
1002.61       (613)
986.59      (108)
1503.16         (25)
9.09  (2,911 )
9.74     (529)
9.30     (673)
9.66     (620)
9.42      (641)
9.19      (724)
9.78     (686)
9.53     (682)
9.83      (613)
9.94      (108)
9.58        (25)
-0.04                       -0.02                      ll.65                               0.05
1 year of birth for sire or maternal grandsire (MGS)
2 Number of bulls
Table 4.24 Average genetic effect from 1984 to 1994 in sire and MGS PTA, milk
yield, and calving ease for multiparous cows
Birth          Number of records                                                         Birth ear effects
year                sires/MGS                     Sire (%)                MGS (%)              Milk PTA (kg)        Calving ease (o/a)
1984                    5,372
1985                           621
1986                         700
1987                         664
1988                         690
1989                         727
1990                        654
1991                          456
1992                           122
1993                           94
1994                            70
0.25                         0.09
0.30                          O.04
O.15                            -0.O2
0.22                           0.01
O.19                             0.06
0.16                           0.04
0.28                         -0.01
O.33                           0.05
0.20                         0.03
0.1O                               0.01
0.19                           0.05
-458.51  (5,342)
200.01       (619)
315.15      (699)
391.97      (661)
493.63     (690)
637.44     (726)
722.79     (653)
922.42     (455)
1,013.57      (122)
971.59        (94)
1,488.89        (28)
9.02  (4,421 )
9.75      (616)
9.33     (697)
9.64     (664)
9.32     (690)
9.22      (723)
9.74     (653)
9.40     (454)
9.89      (122)
9.89        (94)
9.67        (70)
AG/yr                                                              -0.01                         -0.00                     147.35                                0.05
1 year of birth for sire or maternal grandsire (MGS)
2 Number of bulls
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milk yield  indicate that there has been consistent genetic Progress in milk yield
attributable to sires used in these herds,
Conclusions
Estimates of sire and MGS variances and heritability differed greatly between
data sets.   Despite the large difference in Variance components, the Parameter
estimates for fixed effects were consistent within primaparous cow and multiparous
cow data sets.   The least square means for Survival for PrimaParOuS and
multiparous cows were consistent among all data sets,   Season slightly influenced
the mean survival, while sex did not influence the mean survival.   Dystocia was the
major influence on the mean survival.  As the level of dystocia increased, the mean
survival of the calf decreased.
AIthough the least squares mean for Survival did not differ between
primaparous and multiparous cows, the magnitude of variance and parameter
estimates were different between primaparous and multiparous cows.  Therefore,
these two groups should be analyzed separately.  The large influence of dystocia on
the mean survival of a calf indicates the need to include this parameter in future
models for the genetic evaluation of sires and MGS for stillbirths.   Dystocia needs to
be included in the genetic evaluation model as a fixed effect to adjust for average
differences in stillbirths associated with each level of dystocia.   A distinction needs
to continue to be maintained between no assistance, slight problem, and needed
assistance', these levels should not be collapsed.
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Genetic evaluations for survival based On a bulI's progeny or grandprogeny, were
positively correlated (0.43 and 0.46, respectively in primaparous and  multiparous
cows).   There was a negative association between PTA for survival and PTA milk
yield among sires used  in  mating to primaparous cows (r = -0.07) or 0.5O/o of the
variation  in  PTA for survival was explained by the PTA for milk yield.   ln multiparous
cows, however, there was a positive association between survival and PTA for milk
(r =  0-08)-
There was no consistent genetic trend in PTA for survival for sires or MGS
form  1984 to 1994.   However, there was good indication that there were positive
genetic trends in  milk yield during this time period.
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CHAPTER FIVE. GENERAL CONCLUSIONS
stillbirths are a reoccurring problem for dairy producers in the United States.
The exact cause Of death iS unknown, but the loss of replacement breeding stock
can  be substantial.   About 110/o of the calves from primaparous cows are stillborn;
5.70/o of calves from multiparouS COWS.   At a value of $213 per calf, the cost of
stillbirths to the dairy industry can be substantial; as much as $9.2 million per year in
the upper Midwest alone.
ln chapter Two, CHAID identified important associations among VariableS
that ultimately predict stillbirths.   Parity and dystocia were the best and Second best
predictor of stillbirths.   ln multiparous cows gestation length ranked third  in the
ordering of best predictors.   Evidence is presented showing that inadequate
maternal  preparation for parturition was closely associated with stillbirths (i.e.
gestation lengths as much as two weeks shorter than the mean of 280 d had higher
stillbirth rates than calves born following a gestation length at or above the mean of
280 d)-
ln chapter Three, a mixed  model logistic regression analysis identified a
significant increase in stillbirths from  1985 to  1996; 4.10/o increase per yr in the odds
of a stillborn calf for primaparous dams.   Important fixed effects were identified (i.e.
dystocia, parity, sex of calf, season of birth, year of birth, and gestation length).
Large differences in estimates Of OR were found between primaparous and
multiparous cows.  The analysis and test of significance were enhanced by
accounting for herds and sires as random effects in the logistic regression model.
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ln Chapter Four, a mixed model analysis for survival is described.   The trait
was defined as survival to 48 h postpartum rather than stillbirths to emphasize the
positive aspects of the trait for reporfjng genetic evaluations of sires (i.e. sires with
positive PTA have better survival rates and sires with negative PTA have lower
survival  rates).   Survival is synonymous with livability.   There was more genetic
variation for survival  in  primaparous cows than multiparous cows.   ln  primaparous
cows, the heritability estimate for sire of the calf was  1.1 %,  maternal grandsire
heritability estimate was 2.2O/o, and the genetic correlation between PTA of the sire
and MGS was 0.31.   AIthough  heritability estimates tend to indicated that there was
little genetic variation  in stillbirths, genetic evaluation of sires for survival  indicated a
wide range in PTA -2.9 to 2.8O/o for sires, and -6.8 to 3.70/o for MGS.
There was little evidence of any genetic trend in survival over all ten
years from  1984 to 1994.   Mean PTA was quite variable from year to year.   There
were, however, some combinations of years where definite increases or decreases
in the mean PTA for survival were apparent,
There is strong evidence indicating stillbirths are caused  by different factors
in primaparous than  in multiparous cows.   Therefore, stillbirths should  be considered
to be a different trait for primaparous and multiparous cows.   Parity was found to be
the most important predictor of stillbirth rates,  ll O/a in primaparous cows versus
5.7O/o in  multiparous cows.   the second  most significant factor was dystocia.   Either
year or gestation length followed dystocia in importance as predictor in pr'lmaparous
cows.   Whereas, gestation length at all levels of dystocia was the third most
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important predictor of stillbirths in  multiparous COWS.   Inadequate maternal
preparation for parturition was indicated.
phenotypically, there has been an increase in stillbirths.   the odds of a live
calf decreased from  1985 to 1996 by 4.10/o per year in primaparous cows; 2.40/o in
multiparous cows.  Although, the mean PTA of survival for a sire's calves was quite
variable from year to year, there was no indication of a sustained genetic trend with
the introduction of over 600 new young sires each year.
Heritability estimates Were higher in  PrimaParOuS than  in  multiParOuS COWS.
The genetic evaluation for Survival, however, demonstrated enough range in PTA to
indicate that it was possible to differentiate among bulls whose progeny had good
survival versus those with  poor survival (i.e.  higher st-lllbirth).
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APPENDIX A. SUMMARY OF CHI-SQUARED AUTOMATED
INTERACTION  DETECTION (CHAID) ANALYSIS
Table A.1  CHAID flowchart of the best segmentation for prediction of stillbirth
rates (%) for primaparous data
[variable,   stillbirth %,   Best p-value for next split let  (2nd)I
Survival,ll.0%,   0.0001   (0.0001)
7  Dystocia  1,   6.1O/a,   0.0001    (0.0001)
7-7  Winter,   4.7O/o,   0.0001   (0.0001)
7.7.71985 to  1986,   4.3O/a,   0.0138   (0.0736)
7.7.7.7  Gestation -15 to-13 d,12,7O/a,   0.1404   (0.2897)
7.7.7.2 Gestation -12 to  15 dI   4.2%,   O.0310   (0.9686)
7.7.7.2.71985,   3.6O/a,   0.0834   (0.9571)
7.7.7.2.21986,   4.9O/a,   0.0929   (0.9991)
7.7.21987,   3.3%,   0.1930   (0.6305)
7.7.31988 to  1991,   4.4O/a,   0.0001    (0.0051)
7.7.3.7  Gestation -15 to -9 d,   6.7%,   0.0016   (0.9595)
7.7.7.3.7.7  Female,   5.20/a,   0.1653   (0.9897)
7.7.7.3.7.2 Male,   9.2%,   0.3507   (0.9722)
7.7.3.2 Gestation -8 to -5 d,   4.8O/a,   O.1742   (0.219O)
7.7.3.3.  Gestation 4 to 3 d,   0.1129   (0.8425)
7.7.3.4 Gestation 4 to  15 d,   5.4O/a,   0.6504   (0.7987)
7.7.41992 to  1994,   4.9%,   0.0043   (0.0456)
7.7.4.7  Female,   4.4O/a,   0.5422   (0.8256)
7.7.4.2 Male,   5.4%,   0.0017   (0.0464)
7.7.4.2.7  Gestation -15 to-14 d,18.1%,   0.0165   (0.8910)
7.7.4.2.7.71992 to  1993,   26.OO/a,   0.3334   (0.8557)
7.7.4.2.7.21994,   0%,   -( -)
7. 7.4.2.2 Gestation -13 to -7 d,   7.9O/a,   0.3117   (0.9355)
7.7.4.2.3 Gestation -6 to 3 d,   4.8O/o,   0.1111    (0.7620)
7.7.4.2.4 Gestation 4 d,   2.5O/a,   (0.1796)
7.7.4.2.5 Gestation 5 to 9 d,   6.8O/a,   0.6446   (0.9508)
1.7.4.2.6 Gestation  10 to  13 d,   0%,   -( -)
7.7.4.2.7Gestation  14 d,   15.4O/a,   0.7015   ( _ )
7.7.4.2.8 Gestation  15 d,   OO/a,   _   ( _  )
7.7.51995 to  1996,   6.1O/a,   0.2740   (0.4124)
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Table A.1  (continued)
7.2Summer,   6.80/o,   0.0001   (0.0001)
7.2.71985to  1987,   5.4%,   0.0005   (0.2736)
7.2.7.7  Gestation -15 to -13 d,15.3o/a,   0.2515   (0.8240)
7.2.7.2 Gestation  -12 to rfe d,   6.90/o,   0.0151   (0.5480)
7.2.7.2.71985,   9.3%,   0.0027   (0.9356)
7.2.7.2.7.7  Female,   6.20/a,   0.9592   ( -)
7.2.7.2.7.2Male,15.20/a,   0.9708   (-)
7.2.7.2.21986,   4.4O/.,   0.0344   (0.6885)
7.2.7.2.2.7 Gestation -12 to -7 d,   2.7%,   0.3637   (0.6132)
7.2.7.2.2.2 Gestation ng d,   8.4%,   0.2720   ( -)
7.2.7.2.31987,   7.1O/.,   0.1753   (0.4216)
7-2.21988 to  1990,   6.4O/.,   0.0001    (0.2587)
7.2.2.3 Gestation-15 d,   28O/a,   0.3681   (0.8200)
7.2.2.4 Gestation -14 d,   6.7O/o,   0.1651   (0.9450)
7.2.2.5Gestation -13 to   -12 d,16.2%,   0.0079   (0.9400)
7.2.2.5.71988,   27.4O/.,   0.6198   (0.8169)
7.2.2.5.21989 to  1990,ll.10/a,   0.4252   (0.6203)
7.2.2.6Gestation -ll  to-10 d,10.80/a,   0.2700   (0.4141)
7.2.2.7Gestation  -9 to  15 d,   6.2O/o,   0.1486   (0.7152)
7.2.31991,   5.7O/.,   0.0061    (0.0568)
7.2.3.7  Female,   5.0%,   0.9000
7.2.3.2Male,   6.60/.,   0.0001    (
C--Ii-E=
I
7.2.3.2.7  Gestation -15 to -10 d,   18.8O/o,   0.9027   ( _  )
7.2.3.2.2 Gestation -9 to  ll  d,   6.00/a, C>C)C>C>
Li
7.2.3.2.3 Gestation  12 to  13 d,   20%,   0.4203
--
lII-i-
7.2.3.2.4 Gestation  14 to  15 d,   0%,   -( -)
7.2.41992 to 1994,   7.4O/.,   0.0091   (0.0096)
7.2.4.7  Female,   7.0%,   0.0054   (O.9291)
7.2.4.7.7  Gestation -15 to -7 d,   8.2O/a,   0.0010   (0.9961)
7.2.4.7.7.71992,ll.7%,   0.0066   (-)
7®2.4.7.7.7.7  Gestation -15 to -13 d,   28.6O/a,   0.9224   ( _ )
7.2.4.7.7.7.2 Gestation -12 to ng d,   12.3o/a,   0.6340   ( _ )
7.2.4.7.t.7.3 Gestation -7 d,   6.1%,   -( -)
7.2.4.7.7.21993 to  1994,   6.9O/a,   0.5102   (0.9895)
7.2.4.7.2 Gestation -6 to 0 d,   7.OO/a,   0.0648   (0.8818)
7.2.4.7.3Gestation  1  d,   9.70/a,   0.1672   ( -)
7.2.4.7.4 Gestation 2 to 4 d,   7.00/a,   0.0405   (0.6337)
7.2.4.7.4.71992,   5.2%,   0.5748   ( -)
7.2.4.7.4.21993 to  1994,   8.1O/a,   0.3279   (0.8912)
7.2.4.7.5 Gestation 5 to  10 d,   5.5O/a,   0.O407   (0.8493)
7.2.4.7.5.71992,   7.8%,   0.0960   ( -)
7.2.4.7.5.21993 to  1994,   4.7O/a,   0.7423   (0.8799)
7.2.4.7.6Gestation  ll  to 15 d,1.5%,   0.0508   (0.6389)
7.2.4.7.6.71992,   4.7%.   0.3042   ( -)
7.2.4.7.6.21993 to  1994,1.1o/o,   O.3835   (O.508O)
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Table A.1  (continued)
7.2.4.2 Male,   7.9O/a,   0.0001    (0.0913)
7.2.4.2.7  Gestation-15d,12.9%,   0.1771   (-)
7.2.4.2.2 GestatI'On -14 d,   26.0%,   0.9881   ( -)
7.2.4.2.3 Gestation -13 d,   10.0%,   0.5919   ( -)
7.2.4.2.4 Gestation -12 d,   24.4O/a,   O.3343   ( _  )
7.2.4.2.5 Gestation -ll  to -9 d,   9.2O/o,   0.7804   (0.9626)
7.2.4.2.6 Gestation ng d,   14.OO/o,   0.3707   ( _  )
7.2.4.2.7 Gestation -7 to -5 d,   6.9O/a,   0.8873   (0.9630)
7.2.4.2.8 Gestation + d,   9.7%,   0.0197   ( -)
7.2.4.2.8.71992,   14.0%,   -( -)
7.2.4.2.8.21993 to  1994,   7.7O/a,   0.1367   ( -)
7.2.4.2.9 Gestation -3 to 5 d,   7.OO/a,   0.0189   (0.9905)
7.2.4.2.9.71992,   8,1O/.,   0.9983   ( -)
7.2.4.2.9.21993 to  1994,   6.4%,   0.5567   (0.6177)
7.2.4.2.7O Gestation 6 to  15 d,10.00/a,   0.1188   (0.9971)
7.2.51995,   8.1O/a,   0.0008   (0.5924)
7.2.5.7  Gestation -15 to-ll  d,   5.5%,   0.OOO1   (0.9755)
7.2.5.7.7  Female,   2.3%,   0.1322   ( -)
7.2.5.7.2Male,17.70/a,   0.O169   (-)
7-2,5-7,2.7  Gestation -15 d,   50O/a,   _   ( _  )
7.2.5.7.2.2Gestation-14to-ll  d,13.00/a,   0.2451   (-)
7.2.5.2 Gestation -10 to 2 d,   9.4O/a,   0.0261    (0.9671)
7.2.5.2.7  Male,   8.50/.,   0.9567   ( -)
7.2.5.2.2 Female,   10.40/a,   0.3545   ( -)
7.2.5.3 Gestation 3 to  10 d,   6.8o/a,   0.4309   (0.9837)
7.2.5.4 Gestation  ll  to  15 d,   2.4%,   0.0012   (0.9439)
7.2.5.4.7  Female,   1.00/a,   0.9831
7-2.5.4.2 Male,   7.20/o,   0.9996   ( -
7.2.61996,   9.7O/.,   0.2439   (0.4593)
2 Dystocia 2,14.30/a,   O.OOO1    (0.0015)
2.71985to  1988,12.20/.,   0.0687   (0.6425)
2.21989,15.4%,   0.1473   (0.1776)
2.31990,ll.8O/.,   0.2246   (0.5395)
2.41991  to  1994,14.3O/a,   0.0232   (0.1154)
2.4.7 Winter,13.00/a,   0.1010   (0.2347)
2.4.2 Summer,14.90/o,   0.1325   (0.5321)
2.51995 to  1996,   17.30/.,   0.3383   (0.4767)
I
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3Dystocia 3+,   27.7%,   0.0001   (0.0001)
3.7  Gestation -15 to -13 d,   41.6O/o,   0.0001   (0.0268)
3,7.7Female,   31.9O/o,   0.0426   (0.4844)
3.7.7.71985,100%,   -(-)
3.7.7.21986 to  1987,16.7O/a,   0.1904   (0.3711)
3.7.7.31988,   57.1O/.,   0.3718   (1.0000)
3.7.7.41989 to  1994,   33.6O/.,   0.1485   (0.5199)
3.7.7.51995to  1996,   20.3%,   0.2380   (0.3165)
3.7.2Male,   51.3%,   0.1558   (0.3915)
3.2Gestation -12to-10d,   35.1%,   0.0001   (0.6819)
3.2.7  Female,   25.9O/a,   0.2171   (0.2807)
3.2.2.  Male,   43.9O/a,   0.5586   (0.6082)
3.3 Gestation -9 to -5 d,   28.6%,   0.0001   (0.0785)
3.3.71985 to  1993,   26.20/.,   O.2747   (0.3820)
3.3.21994 to  1996,   34.4O/.,   0.2876   (0.3781)
3.4 Gestation -4 to 2 d,   25.70/a,   0.0001   (0.0026)
3.4.71985 to  1993,   24.OO/a,   0.0105   (0.0150)
3.4,7.7 Winter,   22.6%,   0.0520   0.2885)
3.4.7.2Summer,   24.7O/a,   0.0800   (0.4513)
3.4.21994 to 1996,   30.5%,   0.0001   (0.0493)
3.4.2.7  Male,   27.3O/o,   0.O233   (0.6733)
3.4.2.7.7 Winter,   24.90/a,   0.9380   (0.9730)
3.4.2.7.2Summer,   28.6%,   0.4622   (0.9603)
3.4.2.2 Female,   38.8O/a,   0.0913   (0.3025)
3.5 Gestation 3 to  15 d,   29.2O/o,   0.0004   (0.7007)
3.5.7  Female,   26.7O/a,   0.0001   (0.7531)
3.5.7. 7  Gestation 3 to 9 d,   28.4O/a,   0.3666   (0.5359)
3.5.7.2 Gestation  10 to  15 d,16.6O/a,   0.0001    (0.6814)
3.5.7.2.71985to  1991,   37.8o/.,   0.1840   (0.9563)
3.5.7.2.21992 to  1996,   10.60/.,   0.4692   (0.7140)
3.5.2 Male,   30.3O/a,   0.0007   (O.4142)
3.5.2.7  Gestation 3 to 9 d,   29.5%,   0.3500   (0.4395)
3.5.2.2 Gestation  10 to  15 d,   36.7O/a,   0.3266   (0.4858)
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Table A.2 CHAID flowchart of the best segmentation for prediction of stillbirth
rates (%) for multiparous cow data
[variable,   stillbirth %,   Best p-value for next split let  (2nd)I
Survival,   5.70/o,   0.0001    (0.OOO1)
7  Dystocia  1,   3.90/o,   0.OOO1    (0.0001)
7.7 Gestation -15 to -12,   9.8O/a,   0.0001   (0.0001)
7.7,7  Female,   4.2o/a,   0.0001   (0.0048)
7.7.7.71985to  1992,ll.3%,   0.0001   (0.0003)
7.7.7.7.7 Winter,   8.5%,   0.0053   (0.0265)
7.,.7.7.7.7  Parity2,   6.5O/a,   0.1292   (O.2286)
7,7.7.7.7.2Parity3,ll.3O/o,   0.1658   (0.2304)
7.7.7.7.2Summer,15.00/a,   0.0123   (0.2666)
7.7.7.7.2.7  Gestation -15 to-14
7.7.7.i.2.2 Gestation -13 to-12
----=
IOO
®COOCO
|r2¢
OC)--
codLO-Lf)CX)qNOOHEE=H
I-REojNL-L|L|
7.7.7.21992 to  1996,   3.8O/a,   0.2543   (0.6029)
7.7.2Male,15.2%,   0.0001    (0.0158)
7.7.2.7 Winter,12.30/o,  0.3810   (0.8073)
7.7.2.2Summer,18.8O/a,   0.0254   (0.6589)
7.7.2.2.7 Gestation -15 to -13 d,   20.5O/a,   0.4445   (0.7277)
7.7.2.2.2Gestation -12 d,15.3%,   0.1697   (0.3096)
7.2 Gestation -ll  to -10 d,   7.40/o,   0.0001   (0.0001)
7.2.7  Female,   5.9%,   0.0002   (0.7009)
7.2.7.71985to  1987,   7.1O/a,   0.1716   (O.1766)
7.2.7.21988,   4.2O/.,   0.0703   (0.6434)
7.2.7.31989to  1993,   7.60/o,   0.0671   (0.3490)
7.2.7.41994 to  1996,   4.OO/o,   0.2320   (0.3675)
7.2.2Male,   9.40/.,   0.0001    (0.0491)
7.2.2.7  Winter,  7.2%,   0.1852   (0.6195)
7,2,2.2 Summer,12.2O/o,   0.1433   (0.1613)
7.3 Gestation -9 to-8 d,   5.7%,   0.OOO1   (0.OO49)
7.3.7 Winter,   5.O%,   0.0810   (0.1929)
7.3.2Summer,   6.9%,   0.0050   (0.1196)
7,3-2,7  Female,   7.8O/o,   0.0825   (0.2111)
7.3-2.2 Male,   7.4%,   0.0462   (0.6555)
7-3,2,2.7  Gestation -9 d,   8.5O/o,   0.2662   (0.7992)
7.3.2.2.2 Gestation -8 d,   6.70/o,   0.0924   (0.7617)
7,4 Gestation -7 to -6,   4.60/o,   0.00O1   (0.0004)
7.4.7 Winter,   3.80/o,   0.0004   (0.0816)
7.4.7,7  Parity 2,   2.9O/a,   0.5656   (0.6906)
7.4.7.7  Parity 3,   4.40/a,   0.0987   (0.1278)
7.4.2 Summer,   5.5%,   0.0152   (0.0455)
7.4.2.71985 to  1990,   4.80/a,   0.2138   (0.3332)
7.4.2.21991  to  1993,   5.7O/.,   0.4072   (0.5960)
7.4.2.31994,   7.2%,   0.6998   (0.9232)
7.4.2.41995,   4.80/.,   0.0406   (0.2087)
7.4.2.4.7 Gestation -7 a,   6.2o/a,   0.2969   (0.3212)
7.4.2.4.2 Gestation rfe d,   3.6%,   0.2858   (0.9669)
7.4.2.51996,   7.9O/.,   0.51O5   (0.5653)
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Table A.2 (continued)
7.5 Gestation -5 to -3 d,   4.OO/a,   0.0001   (0.0001)
7.5.7  Winter,   3.30/a,   0.0001    (0.0001)
7,5.7.71985 to  1987,   2.60/.,   0.0678   (0.4922)
7.5.7.21988to  1989,   3.6%,   0.0195   (0.0692)
7.5.7.2.7 Gestation -5 d,   3.20/a,   0.6258   (0.6426)
7.5.7.2.2Gestation 1 d,   4.50/a,   O.2102   (0.4526)
7.5.7.2.3 Gestation-3 d,   3.00/a,   0.1215   (0.3281)
7.5.7.31990 to  1992,   2.7%,   0.4515   (0.5672)
7.5.7.41993 to 1994,   3.40/.,   0.0250   (0.0462)
7.5.7.4.7 Gestation -5 d,   4.4%,   0.6722   (0.8678)
7.5.7.4.2 Gestation + to -3 d,   3.1O/a,   0.0063   (0.1041)
7,5,7-4.2.7  Male,   2.4O/a,   0.0003   (0.2516)
7.5.7.4.2.7.71993,   3.6%,   0.3229   (0.7202)
7.5.7.4.2.7.21994,1.3O/.,   0.5640   (0.5869)
7.5.7.4.2.2 Female,   3.8%,   0.0146   (0.0847)
7.5.7.4.2.2.71993,   3.00/a,   0.2329   (0.7619)
7.5./.4.2.2.21994,   5.2%,   0.2902   (0.5169)
7.5.7.51995to  1996,   4.8%,   0.0001    (0.1310)
7.5.7.5.7  Male,   3.3O/.,   0.0341    (0.6434)
7.5.7.5.7.7  Parity 2,   2.7%,   0.8398   (0.9059)
7.5.7.5.7.2 Parity 3,   4.1O/a,   0.6330   (O.9048)
7.5.7.5.2 Female,   7.2O/a,   0.2576   (0.9233)
7,5,2Summer,   4.7O/o,   0.0001   (0.0003)
7,5.2_71985 to  1994,   4.4O/.,   0.0070   (0.0712)
7.5.2.7.7  Male,   4.1%,   0.0120   (0.1746)
7.5.2.7.7.7  Gestation -5 d,   4.90/o,   0.0793   (0.5633)
7.5.2.7.7.2 Gestation + to -3 d,   3.8%,   0.3109  (0.5294)
7.5.2.7.2 Female,   4.70/o,   0.7572   (0.7675)
7.5.2.21995 to  1996,   6.00/o,   0.0001    (0.0006)
7.5.2.2.7  Male,   4.9o/.,   0.0021   (0.0385)
7.5.2.2.J.7  Gestation -5 d,   3.6%,   0.2818   (0.6956)
7.5.2.2.7.2 Gestation + d,   6.90/a,   0.0944  (0.4462)
7.5.2.2.7.3Gestation -3 d,   4.3%,   0.6002   (0.6141)
7.5.2.2.2 Female,   7.5%,   0.0634   (0.2422)
7.5.2.2.2.7 Gestation -5 d,   5.7%,   0.5906   (0.6076)
7.5.2.2.2.2 Gestation + to -3 d,   8.4%,   0.0720  (0.4813)
7.6Gestation -2 to 15 d,   3.40/a,   0.0001   (0.0001)
7.6.7  Male,   3.00/.,   0.0001    (0.0001)
7.6.7.7 Gestation -2 to 0 d,   3.1%,   0.0001   (0.1994)
7.6.7.7.7  Winter,   2.70/o,   0.5426   (0.6585)
7.6.7.7.2Summer,   3.4%,   0.0756   (0.9555)
7.6.7.2Gestation  1  to 5 d,   2.70/a,   0.0001    (0.1841)
7'6'7-2-7 Winter,   2.3O/o,   0.8836   (0.9680)
7-6-7.2.2Summer,   3.OO/a,   0.0765   (0.3555)
7.6.7.3Gestation 6to8d,   3.2%,   0.4211   (0.4806)
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7.6.7.4 Gestation 9 to ll  d,   3.8O/a,   0.0449   (0.2309)
7.6.7.4.7  Winter,   3.20/a,   0.4644   (0.5246)
7,6,7,4.2 Summer,   4.1O/o,   0.3920   (0.9506)
7.6.7.5 Gestation  12 to  15 d,   5.6%,   0.1570   (O.6033)
7.6.2 Female,   3.90/a,   0.0001   (0.0001)
7.6.2.71985to  1993,   3.6%,   0.0001    (0.0001)
7.6.2.7.7 Winter,   3.10/a,   0.0001    (0.2054)
7.6.2.7.7.7 Gestation -2 to 0 d,   2.80/a,   0.4070   (0.8753)
7.6.2.7.7.2 Gestation  1  to 6 d,   3.2%,   0.4082   (0.8762)
7.6.2.7.7.3Gestation  7 d,   2.00/o,   0.1106   (0.8309)
7.6.2.7.7.4 Gestation 8 d,   5.2%l   0.1881    (O.3238)
7.6.2.7.7.5 Gestation 9 to  10 d,   3.5O/a,   0.3357   (0.5150)
7.6.2.7.7.6 Gestation  ll  to 14 d,   5.3O/a,   0.6094   (0.7960)
7.6.2.7.7.7Gestation  15d,ll.1O/a,   0.3725   (0.5501)
7-6-2,7,2 Summer,   3.9O/o,   0.1684   (0.3097)
7.6.2.21994,   4.40/.,   0.OO1    (0.OOO7)
7.6.2.2.7  Gestation -2 to 6 d,   5.4%,   0.0016   (0.7460)
7'6'2-2,7-7 Winter,   4.4O/o,   0.0691    (0.4879)
7.6.2.2.7.2 Summer,   6.1%,   0.2711   (0.5240)
7.6.2.2.2 Gestation 7 to 9,   2.8O/a,   0.0548   (0.1716)
7.6.2.2.3 Gestation  10 to  15 d,1.1O/a,   0.0735   (0.0943)
7.6.2.31995 to  1996,   5.10/a,   0.0001    (0.0001)
7.6.2.3.7  Gestation -2 to 2 d,   7.00/a,   0.OOO1   (0.5584)
7.6.2.3.7.7  Winter,   5.5O/o,   O.0488   (0.1091)
7.6.2.3.7.7.71995,   6.2%,   0.1893   (O.9915)
7.6.2.3./.7.21996,   4.70/o,   0.3450   (0.5088)
7'6-2,3,7,2 Summer,   8.4O/o,   0.3925   (0.6604)
7.6.2.3.2 Gestation 3 to 8 d,   5.OO/o,   0.0005  (0.0063)
7.6.2.3.2.7 Winter,   3.9%,   0.1240   (0.5458)
7.6.2.3.2.2Summer,   5.8%,   0.0117   (0.4188)
7.6.2.3.2.2.7  Gestation 3 to 7 d,   6.2%,   0.4741   (0.7522)
7.6.2.3.2.2.2Gestation 8 d,   2.80/a,   0.0550   (0.5912)
7.6.2.3.3 Gestation 9 to 15 d,   1.6O/a,   0.0002   (0.0009)
7'6'2'3,3,7  Winter,   0.8O/o,   0.1473   (0.1684)
7.6.2.3.3.2 Summer,   2.2%,   0.0061   (0.O775)
7.6.2.3.3.2.7  Gestation 9 to  12 d, 0.0997   (0.4078)
7.6.2.3.3.2.2 Gestation  13 to  15 d,   0.9%,   0.1354   (0.2673)
2 Dystocia 2,12.60/a,   0.OOO1    (0.0017)
2.7 Gestation -15 to -9,   25.90/o,   0.0001   (0.0240)
2.7.7  Female,   20.OO/a,   0.0001   (0.0240)
2.7.7.71985 to  1993,   26.40/.,   0.1925   (0.3583)
2.7.7.21994 to  1996,ll.7O/.,   0.0503   (0.0635)
2.7.2 Male,   32.OO/.,   0.0001  (0.0744)
2. 7.2.7 Gestation -15 to -14 d,   51.4%,   0.6626   (0.7202)
2.7.2.2 Gestation -13 to -9 d, 28.3%,   0.O576   (0.1703)
2.2 Gestation -8 to -4 d,15.6%,   0.0370   (0.1731)
2.2.7  Parity 2,14.50/.,   0.5390   (0.5704)
2.2.2Parity3+,17.3%,   0.1119   (0.2912)
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2.3 Gestation -3 to  15 d,   10.9%,   0.0370   (0.0531)
2.3.71985 to  1988,   0.0396   (0.5810)
2.3.7.7 Gestation -3 to 12 d,   10.8%,   0.5758   (0.6832)
2,3.7.2 Gestation  13 to  15 d 24.5%,   0.3391   (0.5153)
2.3.21989,   9.10/.,   0.3252   (0.4556)
2-3-31990,ll.7O/.,   0.0037   (0.1130)
2.3.3.7 Gestation -3 to 10 d,ll.30/o,   0.2239   (0.7212)
2.3.3.2 Gestation  ll  to  15 d,   29.5%,   0.1653   (0.2515)
2.3.41991  to  1993,10.0%,   0.0067   (0.1146)
2.3.4.7  Gestation -3 to -2 d,   9.9O/a,   0.1177   (0.1276)
2.3.4.2 Gestation -1  d,12.8%,   O.2933   (0.5700)
2.3.4.3 Gestation 0 to 2 d,   7.9O/a,   0.1929   (0.5534)
2.3.4.4 Gestation 3 to 8 d,   9.9O/a,   0.0092   (0.7616)
2.3.4.4.7  Parity 2,   6.6%,   0.4499   (0.6970)
2.3.4.4.2 Parity 3+,10.8O/a,   0.0431   (0.1397)
2.3.4.4.2.7 Gestation 3 to 5 d,   8.8O/a,   0.0190   (0.5413)
2.3.4.4.2.7.71991,13.6%,   0,1903   (0.3946)
2.3.4.4.2.7.21992 to 1993,   6.9%,   0.1994   (0.2042)
2.3.4.4.2.2 Gestation 6 to 8 d,   14.5%,   0.2408   (0.6073)
2.3.4.5 Gestation 9 to  15 d,   15.9O/a,   0.0515   (0.2475)
2.3.51994 to  1995,ll.6%,   0.0072   (0.0497)
2.3.5.7  Male,1O.6%,   0.0243   (0.0352)
2.3.5.7.7 Gestation -3 to -2,   15.6%,   0.0037   (0.0623)
2.3.5.7.7.7  Parity 2,10.40/a,   0.3043   (0.4540)
2,3,5.7.7.2 Parity 3+,   23.1O/a,   0.1718   (0.1902)
2.3.5.7.7  Gestation -1  to  15 d,   9.7O/a,   0.0813   (0.2278)
2.3.5.2 Female,13.8%,   O.0001   (O.3238)
2.3.5,2.7 Gestation -3 to 3,   18.6%,   0.4016   (0.6337)
2.3.5.2.2 Gestation 4 to  15 d,   7.6O/a,   0.1493   (0.2931)
2.3.61996,13.2%,   0.0055   (0.0199)
2,3,6,7 Winter,10.2O/a,   0.0656   (0.1389)
2.3.6.2Summer,15.2%,   0.0319   (0.0958)
2.3.6.2.7  Gestation -3 to -1  d,   22.9%,   0.4124   (0.6654)
2.3.6.2.2 Gestation 0 to  15 d,   13.4%,   0.1355   (0.9039)
3Dystocia3+,   26.5%,   0.OOO1   (0.0001)
3,7 Gestation -15 to -12 d,   55.3%,   0.0018   (0.0565)
3.7.7  Female, 48.6O/a,   0.0001    (0.1120)
3.7.7.71985to  1993,   60.6%,   0.0155   (0.0635)
3.7.7.7.7  Gestation -15 d,   83.30/o,   0.6664   (0.7434)
3.7.7.7.2 Gestation -14 to -12 d,  56.OO/a,   0.0409   (0.1396)
3.7.7.7.2.7 Winter,   47.1%,   0.6283   (0.8582)
3.7.7.7.2.2Summer,   63.8o/o,   O.0560   (0.1729)
3.7.7.21994 to  1996,   33.6%,   0.1132   (0.2128)
3-7-2Male,   59.8%,   0.0261   (0.0286)
3.7.2.7 Winter,   54.9%,   O.2188   (O.4168)
3.7.2.2Summer,   64.9%l   0.0023   (0-4081)
3.7.2.2.7 Gestation -15 to -14 d,   78.0%,   0.8265   (0.8335)
3.7.2.2.7  Gestation -13 to -12 d,   56.40/a,   0.1536   (0.5716)
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Table A.2 (continued)
3.2 Gestation -ll  to -9 d,  45.0%,   0.0064  (0.3248)
3.2.7  Female,   40.3%,   0.3285   (0.3713)
3.2.2 Male,   48.60/a.   0.43O7   (0.4636)
3.3 Gestation -8 to -5 d,   33.70/a,   0.0018   (0.0406)
3.3.7   Gestation -8 to -7 d,   37.4%,   0.0604  (0.1001)
3.3.2 Gestation -6 to -5 d,   31.4%,   0.1247   (0.2975)
3.4 Gestation -4 to  13 d,   23.8O/o,   0.0001   (0.0001)
3.4.71985 to  1993,   22.80/o,   0.0248   (0.0285)
3.4.7.7 Summer,   22.30/a,   0.0500   (0.2231)
3.4.7.2Winter, 23.8%,   0.1357   (0.1958)
3.4.21994to  1996,   26.6%,   0.0001   (0.0124)
3.4.2.7  Male,   24.2%,   0.0517   (0.0539)
3.4.2.2 Female,   34.1%,   0.0001   (0.1435)
3-4.2.2.7 Gestation -4 to _1,   34.2O/a,   0.3251   (0.4063)
3.4.2.2.2 Gestation 0 to 2 d,   43.3%l   0.0654   (0.1205)
3.4.2.2.3 Gestation 3 to  10 d,   32.50/o,   0.1042   (0.4927)
3.4.2.2.4 Gestation  ll  to  13 d,ll.2%,   0.2107   (0.2581)
3.5 Gestation  14 to  15 d,   35.4O/a,   0.1437   (0.3329)
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APPENDIX B PARAMETER AND VARIANCE ESTIMATES
FROM LOGISTIC REGRESSION
Table B.1  Parameter estllmateS for fixed effects from logistic regression
model1
Group   Status2      Gestation    Year Season         Sex          Parity    Dystocia2 Dystocia3+ Intercept
1
2
3
4
5
6
7
p               0.0131        -0.0318       -0.1871
M              0.0468       -O.0173      -0.1824
p               o.0111        -O.0451       -0.2492
M             0.0491       -0.0224      -0.2051
p             o.0108      -0.0372      -0.2579
0.1264         --             -0.8929       -1.8721      3.0473
-0.0995   0.0236       -1.5707       -2.4187     3.5435
0.0086
-0.1465
0.0045
M              0.0391       -0.0219       -0.2113       -0.1689
p             0.0210      -0.0560      -0.2603
M             0.0464      -0.0311       -0.2275
p              O.0127      -0.O468      -0.2276
M             O.042O      -0.0275      -0.2284
p              o.O196      -0.0345      -0.2270
M             0.0447      -0.0237      -O.2342
p             0.0147      -0.0422      -0.2649
M              0.0440       -0.0266      -0.1138
0.1724
-0.0441
0.0203
-0.1739
C>OOO
0.0995
-0.0863   0
0.0899
-0.O913    0
igigigig:E;ig -1.0800       -1.8985     3.2195
68       -1.4299      -2.3697     3.6734
-1.0252       -1.9752     3.2734
94       -1.5113       -2.4085     3.6961
-1.0083       -1.8307     3.2544
75       -1.5655      -2.3688     3.6773
-1.2823       -1.9409     3.2926
87       -1.5690       -2.5145     3.6959
-1.1028       -1.9264      3.2062
03       -1.5826      -2.3397     3.5899
-1.0807       -1.9248      3.1833
38       -1.5517       -2.5891      3.5627
Overall       P o.o147       -O.0419      -0.2391         0.0745
M             0.0446      -0.0244      -0.2004      -0.1158
CNr`
ig
a
-1.0674       -1.9101       3.2210
-1.5401        -2.4298     3.6341
1 p = primaparous cow and M = multiparous cow
2 parameters for model are defined  by equation [1].
Table B.2 Estimates of variance for random Sire and herd effeCtS1
Group              Status2 Sire                                          Herd
1
2
3
4
5
6
7
a_=0_=0_=0_=DL=D_=0_= 0_0253
0.0255
0.0209
0.0251
0.0359
0.0205
0.0213
0.0158
0.0303
0.0437
0.0412
0.0254
0.0286
0.0266
0.2087
0.2677
0.2120
0.2547
0.3171
0.3202
0.2774
0.2381
0.2105
0.2387
0.2728
0.2374
0.1449
0.2046
Overall                  P
M
0.2348
0.2516
Logistic regression  model  iS defined by equation
2 p = primaparous cow and M = multiparous cow
[1].
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